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Problem 1: Water-Air Jet

50D

An axis-symmetric water jet into still air with a mean bulk
velocity of 4.5455 m/s (D = 0.01m, and Re = 50,000).



Boundary Conditions




Jet Characteristics

e Physical Characteristics

Diameter (D) Velocity Turbulent Intensity

0.0102108 m 4.5455 m/s u‘/U = 0.05

S R P TS

1.225 kg/m3 1.46x10> m?/s 0.071 N/m
Water 998 kg/m?3 0.9x10°®m?2/s

e Numerical Characteristics

— Determination of the mesh size:

Assume only primary breakup, the critical liquid Weber number is 10, then
Ax_critical = 34.4pm

2
u“Ax 10x0.071 _
We =2 s Ax = =344 10" m
o 998%4.5455%4.5455




Mesh

Halved (axis-symmetric) model with grid# of 822,000
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Problem 2: Menard’s Test!!]

D=100um

+ >

|

50D

lz = _}

10D

5D -

20D
D=0l
|
I
l
[
I
l

2.1Tmm »

e
Ly =300um

An axis-symmetric liquid jet into still gas with a mean bulk

20D : v _ 3 v
Lx =300um /" 5 velocity of 100 m/s (D = 100 um, and Re = 5,800).

[1] T. Menard, etc., Coupling level set/VOF/ghost fluid methods: Validation and application to 3D simulation
of the primary break-up of a liquid jet, International Journal of Multiphase Flow 33 (2007) 510-524 7




Menard’s Results!!]

Jet development and penetration (dt = 2.5 um)



Boundary Condition
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Jet Characteristics

e Physical Characteristics

Diameter (D) Velocity Turbulent Intensity

100 um 100 m/s u‘/U =0.05
e o oo e e
25 kg/m3 4x107 m?/s 0.06 N/m
Liquid 696 kg/m?3 1.724%x10° m?/s

e Numerical Characteristics

— Determination of the mesh size:

Assume only primary breakup, the critical liquid Weber number is 10, then
Ax_critical = 2.36 um

2
u“Ax 10%0.06 _
We =2 > Ax = —=236%10"°%m
o 696+100%100
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Mesh

Halved (axis-symmetric) model with grid# of 1,146,880



Results
e SetUp1(t=05):
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Results
Set Up 1 (t=10 ps):

Oq: 0.00.10.20.30.40.50.60.70.80.9 1.0

U -70 50 00 27 125 222 319 417 514 612 709 806 904 100.1
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Results
Set Up 1 (t =30 ps):
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Results
e Set Up 2 (iteration =0 ):
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Results
Set Up 2 (iteration = 1500 ): :

Ous. 0.00.1020.30.4050.607080.91.0
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Results
e Set Up 2 (iteration = 3500) :
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Results

Set Up 2 (iteration = 4500) : Next:
BEEEEEET mmm Turn to Unsteady Simulation
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CORE LEMGTH

e 10" el sym.

[ G4 4] 999 391 1.0
31 41 997 8 T.0%
S Y [ IS.P .43
15.1% 100 997 9.87 7.20
L L7100 997 947 T

958 )00 067 5.7 .20

q s s Q

47 100 997 987 7.20
b gs 997 010 7.10
5 802 132 133
n.'%lhldl o7 Q.0 T.0
031% 148 502 13.2 233

Il-ll-n-l-'l

103 = ®Pram Chen and Davis,5

~ DISPERSED PHASE
HEGIME

10t |
;w*"r#

EMD:
N ST T ek e

- NO SURFACE
" DREAKLP
= BRECIME

xi/d, xea'i{i‘, Le/d
S

M
-d{mr.] Lid gy p,xm'* ael® sym.

=
=

BEram Cirant and Middieman, 5

COLUMMN LENGTH:

Lofd= TAQ Weg ™

_END DISTANCE

dieem) Lid p, pp¢10*

a1l sym,

4l 997 894 T.08
A1 9597 B9 708
4] 1048 159 643

H_I.I

4] 997 8594
[mnﬂ 41 W7 04

41 1101 347
845 41 683 397

= 4.0° 7 997 894
Af 10 o0 20d

10 L 365 41 997 &
b 3] 41 %97 894
b 64 AL 1044 150 643

B G
SRERERER
4AFSOD 4 e

C € Include data from Wu et al!,
L Yinchude data from W and Faeth.?

SURFACE BREAKUP
REGIME

OMSET:®

¥ofd= 2000 Weng #57

5 i-.I - —] III

lu.z ‘l?um '.'""“.HEUJ-E- i 5 I

10? 1o? 104

10° 1né

More Information
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Considered Range:

2
Weber numbers (Wer; = pdu, /o) :
1.0X 10%- 1.1X1 05;

Reynolds numbers (Rerq = prdu ’ /ur)
: 3.4X103-8.5X 10° ;

Ohnesorge numbers (OH; = ur/prdo):
0.001-0.017.

[2] P-K Wu and G M Faeth, Onset and end of drop
formation along the surface of turbulent liquid
jets in still gases, Phys. Fluids, Vol. 7, No. 11,
November 1995

Surface breakup regime map for turbulent liquid jets in still gases when

aerodynamic effects are small (liquid/gas density ratios are larger than 500)!2]

19



More Information

Problem1 2,904 50,000 0.001 9.568d 10.387d
Problem2 11,600 5,800 0.01857 3.783d 106.4d

x;: location of onset of turbulent breakup;
X:location of end of turbulent breakup.
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