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Abstract

In the paper authors have written the
momentum equations and the continuity
equations in differential form for describing
the solid particle parameters in the mixing
area of the air lift. Numerical solution of
the equations, and presentation of the
diagrams, obtained on the basis of a given
example.

Nomenclature

Vm [M/S]
Vmy [M/S]

Vo=@ Vm [M/s]

Greek letters

material velocity
material velocity on the
place of ,y”
sedimentation velocity in
the tank

Ao [Mm?] particle cross section

b [m] height of beginning of the
pipe over distribution layer

Co [-] drag coefficient

d[m] diameter

d, [m] diameter of solid particle

F[N] drag force

F+[N] friction force

f[] friction factor

G+ [N] weight of a particle

g [m/s?] acceleration of gravity

m;y [kg] mass of one particle

mge [kg/s] mass flow of the conveying
gas flowing out of the
nozzle

p [Pa] pressure

po [Pa] atmospheric pressure

pc [Pa] pressure on the place of
©

px [Pa] pressure of the gas at
outlet of the nozzle

p;[Pa] pressure under the nozzle

R [J/kgK] gas constant

Re [-] Reynolds number

R, [m] Radius of the conveying
pipe

v[m/s] velocity

Vge [M/s] Gas velocity on the place
of ©

Vgy [M/s] Gas velocity on the place
of ,y”

v; [m/s] velocity under the nozzle

Vk [m/s] velocity at the outlet of

nozzle

*Paper of AIR LIFT |. see REFERENCES [1]

« [degree] angle

1 [kg/ms] absolute viscosity of the
air

2q [kg/m®] gas density

Loy [kg/m?] gas density at the place of

Pgo [kg/m°] gas density at atmospheric
pressure

£om [kg/m?] material concentration

Pmy [kg/m?] material concentration on
the place of .y’

Indices

f friction

g gas

m solid material

p pipe

©jky mark of place

1 one particle

Mixing of air and solid particles in the
starting section
The values of solid mass flow ,,,” and gas
mass flow passing through the air distribution
layer and flowing towards the nozzle can be
read at place R = R, in Figures 5, 6 and 7 of
paper [1].

Gas mass flow ,;, " leaving the
nozzle mixes with gas mass flow ,,”

flowing towards the nozzle and material mass
flow ,m,” in the ,b” wide layer over the
distribution layer within the initial section
(starting section) of the vertical conveying
pipe. The solid-air mixture continues to flow
upward in the vertical conveying pipe after
exchanging their momentums (see Figure 1).
The following assumptions are made for
setting up the equations:
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e The tightening effect caused by the
particles in the control volume will not
be taken into account

¢ The change in the state of the gas
is considered to be isometric

e Velocity ,v,,” and concentration , 2,
are considered to be constant for the
material flowing upwards within the
volume of rotation bordered by the ,y,”
high triangle in Figure 1.
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Fig. 1 Startihg section of conveying pipe
of air lift

Continuity equation for gas

The geometrical parameters of the control
volume marked with dashed line in the sketch
shown in Figure 1 are as follows:

dyeay2 =d +igady
Ay+dy/2 = (d+ tga dy)zﬂ'/4

dy an—d—tgady (D
Ay_dy/2:(d—tgady)2ﬂ/4
d=2tga y+d;

At the beginning of the starting section in
cross-section © the gas and material mass
flow values are identical with values

p=pC=pk=pp7 u)omp”; uVmp”; u)ogp”’ uvgp” assumed

at place R = R, and calculated with equations
4, 10, 12, 17, 19 in paper [1]. Thus, the
following relationship can be written:

2
2Rpﬂblompvmp: ﬂ[Ri_%mechc
(., di
2R, Fbp vy =T Rpy=" |Pevee  (2)

Using equations 2, the values of ,v,,.” and
,Vgc at the beginning of the starting
section (in cross-section ,c”) can be
calculated with the assumption of

wBmp = Pme. and g = P

Thus, the continuity equation can be written
in the following form:

dp, dvg
£y, =L |+
2 ][Vg 2

+ Ay+dy/2 - Ay_dy/z)ng Vg —

dp d
_Ay+dy/2(pg+7g)[‘}g+%]_ 0 (3)

After the transformation of this equation,
and neglecting second-order members as

Ay—dy/2[log -

well as taking pggVg=pVee and
P ™ ng& into  consideration, the
b,

continuity equation of gas will be:

dy dvg d Vg dy

Continuity equation for solid particles
The continuity equation in this case is:

d m d m
Ay—dy/2{pm_ £ ][Vm_ij—i_

2 2

+ (Ay+dy/2 a Ay—dy/Z)pmyvmy o

d dVm
—Ay+dy/2{pm+ gm][vm"‘%jzo (5)

After transformation and rearranging, and
neglecting second-order members as well
as taking approximations Vv~ vpn. and
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Pmy= Pmc iNto consideration, the following
equation is obtained:

Py — PeVme dtgo — % dtgo —

P dvn (6)
dy  dv, Vo Ay

As can be seen, continuity equations 3 and
5 are identical in their format.

Momentum equation for solid particles

The momentum equation can be written in
the following form:

dp dvn Y’
—Ay dy/z{pm_ 2’”][\})71_ ‘2}”[] -

2
- (Ay+dy/2 - Ay—dy/Z)pmy Viny T

dpm de ’
+Ay+dy/2{pm+ 2 ][Vln+ 2 ] =

Taking into consideration that

Td* PeD
dp =24 Lol ;1 colvd-nifdy @
8mi D,
and
d’n
dGu+dF ;- (1+f)p,,,Tdy g 9)

after transformation and neglecting
second-order members as well as taking
equations 6, 8; 9 into consideration, the
following relationship is obtained:

2
lomc Ve

dvm —_ P Vme 4fga+ —4l‘gaj—|—

dy dpm )Om de
pgop Qvg|_ Vm )2 g

Fo g, Cpt =S (e f) (1)
2m1p0 Vi Vim

Momentum equation for gas

Using the symbols of Figure 1, the theorem
of momentum can be written in the following
form:

dp dve Y
Ry U s b

2
- (Ay+dy/2 —A, dy/z)pgy Vg T

dp dve |
ol

d d
- Ay—dy/2[p _TPJ—Aerdy/z[P"‘?p]"‘

+(Ay+dy/2_Ay—dy/2)p_dF (11)

After transformation and neglecting
second-order members as well as taking

Vg = Vgc& and p,, - pg = pg()& into
p

o

consideration, the following relationship is
obtained:

2
dy [Pgovg_q 4 Py,
P,

2
_ 4tga pgc Vee Vg& + 4tgaM —
p p,

)2} (12)

 PePuld
2mp

Ao CDQVg| ~|Vm

o

Diagrams obtained by solving the
equations

Equations 3, 5, 9, 11 have been solved using
the numerical method of Runge-Kutta.

The initial data of the solution can be
read at the R = R, values of Figures 5, 6, 7 in
paper [1]. These have been converted to the
initial values taken at the place marked ©
(y=0) of the starting section. These values
are: vg.= 6.27 m/s; p.=133.23 kPa.

Further data:

a=7°%vy,=100 m/s; dy=0.085 m;

ny, = 0.91kgls; v; = 25 m/s; p; = 145.3 kPa;
pc. = 133.23 kPg;

Pmp = pme = 202 kg/m®; R, = 0.125 m;

P = 1.6 ka/m® imy+me = 1.34 kgls;
do=1.5*10"* m; solid material: fly ash.

Figure 2 shows the diagrams of gas velocity
,Vg and material velocity ,vy,".

www.greenid.ir



www.greenid.ir

100

80

60 P

v [m/s]

40 ™~

i
-]
0 ¥

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7

y[m]

Fig. 2 Gas- and solid material velocity in
the starting section of conveying pipe

Figure 3 shows the diagrams of material
concentration 0, and pressure ,p”.
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Fig. 3 Material concentration and pressure
in the primer flow in the starting section of
conveying pipe

Solids-air mixture flowing in the vertical
pipe after the starting section

Figure 4 shows the material parameters
inside the connected vertical section in
knowledge of the parameters at the end of
the acceleration section. These diagrams
have been calculated with computer
program developed for calculation the
various parameters of the pipe in the
Department of Hydrodynamic Systems.
Input data of pipe:

vg=18.92 m/s gas velocity
Vim=12.25 m/s material velocity
p=120.5 kPa pressure
pPm=49.9 kg/m® concentration

Figure 4 shows the variations of gas velocity
,Vg , material velocity ,v," and pressure ,p”
inside the vertical pipe.
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Fig. 4 Velocity and pressure distribution
along the vertical pipe length

The following pipe-end data can be read from
the charts:

Yp=45m vertical conveying distance
Vg = 22.8 m/s pipe-end gas velocity

vm = 21.6 m/s pipe-end material velocity
p =100 kPa pipe-end pressure

Conclusions and remarks

The model presented in this paper is suitable
for taking the first step for the description of
the complex flow taking place in air lifts. The
equations derived allows the main para-
meters to be calculated and the main
dimensions of the equipment to be
determined.

The following steps need to be performed in
order to verify the model used for the
description of the two-phase flow taking place
in the mixing zone.

e Determine the value of the angle marked
,a” in Figure 1.

In addition to the example presented here,
the effect of changing the most important
parameters involved in the description of two-
phase flow taking place in air lift tanks is
discussed in detail by paper [2].
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