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Pressure-Swirl Atomization in the Near Field

David P. Schmidt, Idriss Nouar, P. K. Senecal, Jeff Hoffman, C. J

. Rutland, J. Martin, R. D. Reitz
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On spray formation
By P. MARMOTTANT AND E. VILLERMAUX






Atomisateurs & Pulvériateurs

Pressure Jet Atomization
Pressure-Swirl Atomization
Two-Fluid Atomization jD Injecteurs « assistés-air»
Fan Spray Atomization pm
Rotary Atomization
Effervescent Atomlzatlon ::D Injecteurs « pré-mélange »
Electrostatic Atomization

Vibration Atomization

Whistle Atomization

» Injecteurs « classiques »

> Pulvérisateurs industriels (peinture..)




Formation de gouttes

(a) Liguioc
(b) Liquic
(c) Liquioc
ligament

dripping — Goutte a goutte
column/jet breakup — Rupture de jet
ligament breakup — Rupture de

(d) Liquid sheet/film breakup — Rupture de nappe

(e) Liquid free-surface breakup — Arrachement de
surface libre
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Rupture de jet

Rayleigh (non visqueux)

A o= 4314, D=1.894,

Weber (visqueux)

4,44 d, non—viscous liguids
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Mechanism of atomization of a liquid jet
R.D. Reitzand F. V. Bracco
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Regime

Rayleigh Jet Breakup
(Varicose Breakup)

Criteria ™"

Surface Tension Force

We, <04 or

We ;, <1.2+3.410h

First Wind-Induced

Surface Tension Force, 12+3.410h%%
| Breakup Dynamic Pressure of
| (Sinuous Wave Breakup) _Ambient Air <We, <13
; Eer:deWi:ﬂ:]nduced
reakup amic Pressure of
(Wave-like Breakup D}mﬁmhim Air 15<We, <403
with Air Friction)

Atomization Aer

Unknown, but Plausibly:
odynamic Interaction,
Turbulence, Cavitation,

Bursting Effect

*We,=U, 2pd,/c where p, is the density of gas (air).

We, >40.3 o

Oh z 100Re,,
[330]
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(a) Je < 0.1: Goutte a goutte

(b) Je =~ 0.1-10: Rupture en gouttes par oscillations
longitudinales

(c) Je ~ 10-500: Rupture par oscillation latérales et frottement
aerodynamique

(d) Je > 500: Rupture par formation de membranes ou
ligaments
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Mechanism of atomization of a liquid jet
R.D. Reitzand F. V. Bracco
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Bag Breakup

3 : .::.
air flow - . ...'. .
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Stripping Breakup

air flow ‘ ‘

Catastrophic Breakup .
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Liu and Reitz, 1993
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Shear Breakup
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Multimode Breakup

Bag Breakup

Oscillatory Deformation

Nonoscillatory Deformation /

No Deformation

102

(-1
—
d

Oh

107!

10°

LB . r'n'rl'r

L Ll !.l.l.l!..l

] A .ll.l.ll.l.l L 1 IIIIIII

i .IIIJII]

1
=
=i

Liu



D’ pU;

Cp =1 Dg . Equilibre de la goutte
4 2 sans effets visqueux
8
We,_, = —
Cp
80
D{:rﬁ' = 2
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Common

Quantity Name Defimtion | Application
Arnthmetic > N;D; _
Dy Mean >N, Comparison
(Length) !
102
Surface Mean > N; D?
Dy, Surface Area
(Surface Area) 3N, C ling
1/3
Volume Mean 2N D; Volume
D (Volume) N ¢ ling
2N (Hydrology)
D Length Mean > N; D}
8 (Surface > N.D, Absorption
Area-Length) C
D Length Mean 3 N;D} Y% | Evaporation,
. (Volume- Molecular
Length) 2. N:D; Diffusion
Sauter Mean W, D? Mass
D}l I
(Volume. swpy | Transter
Surface) Reaction
Herdan Mean s
D, (De Brouckere 2N D"] Combustion,
or Herdan) 2. NiD; Equilibrium

(Weight)




Rupture de jet

liquid jet disintegration

—_ = P T -
Correl ati ons Process Characteristics & Remarks Refacncecs
£ 2 01 L . - .
_ 500dp ‘v Liquid jet from a plain circular onficeinto |y poton & Richardson[434]
U, quiescent air
-0.1% Ligquid jet from a diesel-type injector inlo 435
MMD = 6dg Re, quiescent air, 1000 < Re < 12000 Panasenkovl433]
- 03, 007 0648 =015, =055 078 -0052 Licuid jet from a diesel-type injector into [436
SMD =3330dy “ag ;1'-' o U “sa” Pa qui escent air, effects of gas properti es Farman ]
Dy 050 = du‘W:E"'}n (23.5 + 0.00030% Re, ] Best-fil of previous experimental data for Miessel220]

0.5
TE
SMID = 47d g5 1+33l———
’ L[Fﬁ'] l {PL n:'ﬂ ]

Liquid jet from a diegel-type injector into
quiescent air

Dipax = (2 ~ 1.5)SMD

Tanasawak: Toyodal41]

SMD = coy A ME oy, ems1, 2008,

22 4 for pintie hol e throtling pintle nazzles, resp.

Liquid jet from a diesel-type injector into
quiescent air, APy (MPa), 24 (kgim3),
Vi (mm3raroke)

Hireyasu& Kadola[317]

SMD = 6156v 2% (o, )" 7

.04 -
Pa AR (um)

Doy =1L750; 9 Dyege =1.758MD

Liquid jet from a diegel-lype injeclor into
quiegcent air; T {N/m), AF[ (bar),
P (kgimd), v (mls)

Flkotbl438]

028
SMD = 47d; Re " [‘“—G]
oL

Hon-evaporating unsteady dense sprays
lg/dg = 4, Re; (2.6 ~ 9)=x104,

Polpr=(984 ~ 50 9)x107""
dp=015~021mm, g=12 7.10"2 N/m,

Fras 10 mlls

Yamanee! al.[439]




Rupture de cone

(swirl atom.)

Process Characteristics &

Correlations B ke Refs.
Very small variations in &
B BT 15 s gyl and wide varistions & | Radcliffe
SMD = 7.3 v [ AR affects of atomizer [443]
geometry and air
properiies not inchided
o Effects of atomizer ;
] l: [].0 l: p 2 —0, 43 - Tasuia
MDD = ey AF zecumetry and air [EEJ]
properiies not inchided
Fy s
133——————, AR <1EMPa
AP EFES DAL For kerosene-type fuels; Babu
SMD -+ 0TS effects of air properties not | etal.
607T—— AP, >28MPa included [444]
SPELIW;-&PE..-'.IE? i
Dierived from experimental
data for 25 different finels
_ using § different simplex = ,
SMD =107 (6.11+0.3210° FNp S nozzles of larze Flow ]“Fﬂ;]'i‘
- - bers; We=10; Strong
—6.073x107 AP +1.89:107° AR, I . :
) L ) 2 affect of &, no effect of y;;
Discrepant with other data
Dierived from experimental
data using large-capacity
musirial pressure swirl
atpmizers of large Flow
muonbers with 50 different
. | Eeometric configurations”
OIS pdT 016 04 025 ) 022 2
MMD = 24Ty APy Mg .I:".r_ dop UR e _ - Tones
- 003 - 007 ":“' 11.5=10
iy I, ) -4, [ d 3 ssxlc-' [444]
o) ) lza] | 01Uy
Lo ) \d, ) \ddy ) 1d * olenae10-
pElig=10,
Pyl p T8
2235, =604-854
Consistent with theoretical
SMD = 2250 "B u ¥ B ap M p P value and other Lefebire
) experimental data [1%4]
[E3].[246].[447]
e Effect of spray cone angle
(au? V5, s considerad; film thickness
SMD =4.53% ——L— | |, -:usﬁ'f' is taken 35 3 prinutive
| p AR ’ variable; it may be Wang &
f 028 estimared from 12 LefelbnTe
+0.39 2L i ﬁfn:nsﬁ']':'ﬁ 2.7 JoMete Tty | [449]
|..|:" .l":"i'::'. A _J"PLPI I

[448]




Assistance air

Correlations

Process Characternisties &
Femarks

Fafs.

X 'H.l!:li
M;
il

MMD = 20v 2 mp!

)

Khulﬂ P—ﬁ..’l[.l—u

For conditions of droplet coalescence:

L “'{LE_
MMD,_ = m.ﬂj[H 5.0m2Y| 2L
Va0

Internal mixing air-assist
atonizer. Denved from
wax spray data m Eef. 461
using MGTE atonuzer;
Good agreement with fuel-
air or fuel-steam spray
data;"* Dizcrepant with
wrater-air spray data;*¥Hs

an empirical comection
factor for conditions of
droplet coalescence.

MMD is to be multiplied by

Wiggl™

.. 0T
51-ﬂ:-=14x1ﬂ'ﬁd3*5|£i

1
e m-"l -

Internal-mixing air-
as5Ist atomizer. ved
from water-air spray data

!
at f‘_ =30-100 kg/h,
m, M .

L5704 =5 100 using

immersien technigue

Sakai et
al.l™

SMD -[1- 16850007 11 0.065
Welp, g, ey oy )P 1
, s o 03
on=| i |
| ALt ol |

I.m

_ Patpally
)

External-mixing air-gssist

atemizers. Denved from

ethanol {glycerin)-air spray

data with initial thickness

of flat circular shest up to

0.7 mm and vared air

ment :

Sampled with gil-coated
slides

Inammira

& Naga

. U
SMD =31d, Re ¥ We oas{ g |

I m{{ [ ]
Usdy e = PdoUk
gy - a

Re= PI

External-mixing air-assist
atomizers. Denived from
kerosene-air spray data with
HUmMSaTcus nozzle
configurations, inclodmg
effects of amr pressure;
Sampled with coated slides

Elkothb at
al &1

I:[IG- [

SMD = qu
._|'|E$

i
. F |

- T - T
_mI_LI_+m‘L‘_,

Praszure and air-assist
afemizers. Denved from
calibratmg fluid (MIL-F-
T0411)-air spray data using
Parker Hanmfin spray

anahyzer

Smmyons
[451]
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80

Full lLoad __ Fluid: Gasoline RON 98
= Spray Cone: 90°
Chamber Conditions:
E 60 Y PR RRERLE 0.56 MPa, 296 K
£ = Part Load
=
5 .
E 4'} oot e R e gl Idle (Hld InJec"m} i
s T o Idie (Main Injection)
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Injection Pressure [MPa]
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Injection Pressure [MPa]

Sauter Mean Diameter [um]
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Steacly Flow:  15¢cr?

p=10MPa
Fluid: Gasoline RON 98
Puse Wide:  25ms
&3
=20
=
o ~I T
Ir]E(_:l]on T
Against pam T I |
5 10 13
mer[[iﬂ Fuel pressure (MPa)
Spray Cone: 105°
Steady Flow: 15cm?
p=10MPa

Y

Chamber Conditions
~ 0.56 MPa, 453 K

0.12MPa, 353 K

Tirmie [zl

Fluid: Gasoline RON 98
Pulse Wide: 2.5 ms
Pressure: 8 MPa

Measurement
Method: LDA




78

50} -
dms
51
{ | | L.
0 20 40 6 80 100
Injoction pressure, M
(a)
130
y=0.7 — 1.4 x 10 ¢m?s
il 24 — 27 x 1078
400+
dms

d, = 0.3 mun
| | | |
0 20 40 60 80

Injection pressure, MPa

(a)

100

dms

75
dy = 0.4 mm g‘ﬂ w4
03 y .
50 - 0.1
dms
25
|
| ( 1 |
0 20 40 60 B0 100
Injecdon pressure, MPw
(b '
30 d, = 0.3 mm
v= ~ 50 x 10°% m?/s
Heavy oil
200}~ o =33 x 1073 N/m
Glycerine-alcohol -water solution
o= 51 x 10} |
Giycerine-water solution
100 - og=66 x107?

| 1

20

4 60 80 100
Injection pressure, MPa

(b)
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