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Outline

e Background

e Basic equations (droplets): original and generalised FLA

e Application of generalised FLA to 1D and 2D flow and preliminary results

e Qutlook
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How to model droplet concentration evolution?
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Motivation
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Fig. 3 Distribution of droplet diameters and velocities in the PFI injector spray plotted against
time from SOI when (a) r=0mm and x = 15mm and (b) when r=6mm and x = 55mm

S. Begg, F. Kaplanski, S. Sazhin, M. Hindle, M. Heikal. Int J. Engine Res. 2009
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Standard FLA

Lagrangian variables are the initial coordinates of the droplet positions: .CEO y yo y ZO

81‘d 0vd Momentum

Continuity Tl = - _f
% | | — Tdo, — V4, — 1d; balance

equation

Energy o1y B 8Jij B 8%3’ B afid Equations
balance Cdlﬁ — {d, ot iz s ot a$j0 for Jacobian

components
‘ J‘ = ’d@t(J) ‘ Jacobian of the A system of ODE, initial conditions
transformation form Eulerian correspond to the way the dispersed phase

J’L] — aﬂ'jz/aﬂjjo to Lagrangian coordinates is introduced or fed to the flow
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FLA for polydisperse admixture

Lagrangian variables are the initial coordinates of the droplet positions and y
the initial size: 'CEO J O J ZO J /rdO

gsgtigtélty equation formulated for the distribution of droplets over space /ﬁ/d (t’ }(7 rrd) ‘ J‘ — ffl’dO)
Jacobian of the transformation form Eulerian to Lagrangian coordinates ‘ J‘ = |det(J) |
Jll Jlg J13 J14 833/8:{;0 ﬁx/ayo 81’/@20 833/87“do
J — ng JQQ J23 J24 _ 8y/8$0 8y/8y0 ﬁy/ﬁzo 8y/87“d0
J31 Jgg J33 J34 (92/8:170 62’/8@[0 (92’/82’0 62/(9?”650

J41 J42 J43 J44 87”03/8330 Grd/ﬁyo 87’}1/82’0 87”d/a7°d0
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FLA for polydisperse admixture

For a chosen particle trajectory, we have the following system of ODE:

aXd B an B f
or v ot P
8Td 87"d .

C — — =7

dl Q= BT — {d, BT ds

&]w aq'éj Ofai afd@ . .
= (i, — Ji + ——J4s, =1,2,3, =1,....4

TRRRCA TR metL A e L J

8J4j 87“d 8J44 aTd .
— S = —.J =1.2.3.

at 83303' 47 @t a r 44, 1, ] y &y

Initial conditions correspond to the way the dispersed phase is introduced or fed to the flow
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1D flow of droplets in still hot air

Force and heat flux on the droplet: fd — 671'7“2“ (V>|< — V;)

qq = Arro\T* —T7)

. d
Assume all the heat that reaches the droplet is spent on evaporation: m = qﬁ
x* ur [t* * ~ %
Non-dimensional parameters: ~_7(d) () P g - Ny
L(d) _Z_, Uy = 57, L= l_j rq = —5 Ng = —,
T U 70 0 Nat
gy TID =T ) moU 1
1T'(1 0 = , Mo = 5T Pdl
T, — Ty 67Ty 3

Characteristic droplet radius, r,, droplet initial velocity U and temperature T, n, total initial droplet number density at x,
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1D flow of droplets in still hot air

Assume log-normal distribution of droplet sizes at xy with mean and variance
for the corresponding normal distribution M =0.16 and S=0.4

i 3 1 1 (Inrg — M)
Ny = exp | —
Ty SV 2w P 252

0.751

0.5F

0.25F
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1D flow of droplets in still hot air

d.’l?d — dud . 1 y

a0 a2

dr3

Ty=0 —%=-

T T ’
dJi2 dqi2 1 2
—_— —_— — J
7 q12. 7 7ng(fm =+ Tgud 29
dJro )
R

e 227
AN —T)
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1D flow of droplets in still hot air

ug  O0x/0r .

ﬁd (ta £z, Td) 7 ard/a,r_do — ﬁ/dOudO

Initial conditions:

r=xo,uq = 1,1 = 0,19 = Nao, T4 = Tdo
Ji2 =0, Ja=1, ¢2=0.
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1D flow of droplets in still hot air

The system can be solved analytically:

J22 — [0
r'q
2 5t \ M0
T'do do

The system was solved numerically using 4th
order Runge-Kutta method. Numerical solution
was verified against the analytical solution
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1D flow of droplets in still hot air

6=1
u, ﬁd
075 0.75
0.5
0.6 0.5r
0.4F
1 0.25
0.25F
02+
1 1 1 ]
% 0.25 0.5 0.75 X 0 y
Total number density Velocity distribution vs size Number density vs size

Discretisation: 1-1,2-10, 3-100,4 - 1000



K

University of Brighton

Advanced Engineering Centre

2D spray in cross flow

Jii uqg Jis
g (t,x,rg) |det | Jor vg Jog || = TaoVao
J31 7 Jag
5 L 4 )\ (Ta T TU)
Initial conditions: Qﬂ_ l{UH . T _
0 . h 0 |
r=u1x9 € |—€€, y=0, ug="Ujcos (_Z T + 5) , vg = Ujsin (—I - + 5) ,

1q4="0.nq ="Ngo0.T4 = T'qo
Jin=1 Jiz=0, Jo1 =0, Jo3 =0, J31 =0, J33 =1,

| (ﬂ'l’-g

T
g1 = ——U, cos
4’

17 0
T20) i3 =0, goy = ——~U; sin (——) -
46),913 . 421 e 1 e . (23
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2D spray in cross flow

da g dyg duy 1 (1 ) duy 1
— = Ud. — = Ud. _ = — — } ) =
a 't @ Tt e g M T T
dr?

d S :

dJy dJiz

dJar dJyy

dqn 1 2
- = - 1 _ ] J .

dt rgqn 7‘3( ta) Jst.

dqr3 1 2

= o 1 — 1 J .

7 ;203 = (1 — ug) Jas.

dqa 1 2

T = + _m J .

dt ?,21921 = Ud-/31

dgaz 1 2

T —_= o J .

Jt 2 Q23 + - Ud-/33.

dJs 0 dJsz 0

a7 At 22
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2D spray in cross flow

5=1,B=1
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Number density along trajectories
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2D spray in cross flow

6=1B=1 . .
B Discretisation:
nur nur Hy:() Ml ﬂy:() n,r my:()
Nd=1 Nd =10 Nd =100 Nd = 1000
0.75F 0.75F 0.75F 0.75F
L L 0.5k L
0.5 0.5 y=0.1 y=0.1 03 y=0.1
A A
y= 0 V= 0.2
L =0.1 L 0.25F Y L 0
0.25 = 02 0.25 o y= 0.3 0.25 ]
y=03 . y=0.4
v=04 =05 y=1
= OS,V,: 1 ) | | 0 — - 1 )
%3 0 05 1 s x93 Y 5 0 0.5 1 15 x 95 X

Total number density in horizontal cross-sections
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