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Alt&aet-Theoretical and experimental studies have been carried out to investigate further the turbulent 
deposition of particles from two-phase droplet flow onto the smooth wall of a vertical tube. The work of 
GaniC and Mastanaiah [Int. J. Multiphase Flow 7,401-422 (1981)] for the Stokes regime has been extended 
by this study to include the Oseen regime (Re, Q 5). The proposed theory satisfactorily describes the 
existing data, as well as the new data taken for air-water droplet flow passing through a 12.95~mm-diameter 

stainless-steel tube at Re = 27 000,36 000,43 000 and 55 000. 

1. INTRODUCTION 

THE DETERMINATION of droplet deposition rates is of 

interest in many applications, such as steam gen- 
erators and nuclear reactor cooling systems. In two- 
phase turbulent gas and particle flow through a ver- 
tical tube having a diameter in excess of about a 
micron, deposition on the wall occurs primarily by 
turbulent diffusion, in the absence of electrostatic 
effects and large temperature gradients. 

The experimental deposition data are usually pre- 
sented in terms of a dimensionless deposition velocity 
kd/ U* as a function of the dimensionless particle relax- 
ation time 7 +, based on the Stokes drag force, defined 
as 

In many practical two-phase flow problems, the 
deposition of large particles having d, in excess of 
about 20-30 pm is of interest. (A review of various 
theoretical and experimental studies on the deposition 
of large particles was made recently by Gani& and 
Mastanaiah [l].) For vertical flow systems, deposition 
data in this range include those developed by Sehmel 
[2], Ilori [3], Fomey and Spielman [4], Liu and Agar- 
wal [5] and Agarwal [6] for uniform-sized particles, 
and Cousins and Hewitt [A and Farmer et al. [8] 
involving drop size distribution. 

For theoretical analyses of the deposition of par- 
ticles in the above range, see Friedlander and John- 
stone [9], Fomey and Spielman [4], Cleaver and Yates 
[lo], Namie and Ueda [l l] and Hagiward and Satao 
[ 121. The various limitations of the above models and 
the conceptual deficiencies associated with them are 
described in detail by GaniC and Mastanaiah [l], who 
have proposed a physically more acceptable model 
for the deposition motion. The latter model considers 
that for large particles with a dimensionless stopping 
distance (based on Stokes drag) S+ > 30, the particles 

move from the tube center to the periphery of the 
buffer layer by turbulent diffusion, then reach the wall 
by free flight, owing to the inertia imparted to them 
by the turbulent eddies at the start of their free flight. 
Their analysis, using Tchen’s theory [13] for particle 
diffusion was valid within the Stokes regime. The main 
limitation of their theory is that it cannot be applied 
to particles outside the Stokes regime, i.e. Re, > 1, 
where 

where V, and Vg represent r.m.s. velocity fluctuation 
of particle and fluid, respectively. The main purpose 
of the present work is to extend the above theory to 
include the Oseen regime (Re, < 5). 

2. THEORETICAL ANALYSIS 

The physical model used here for the deposition of 
large particles is similar to that proposed by Ganii: 
and Mastanaiah [l]. The most important difference 
between the present work and the above is in the 
calculation of the particle to fluid diffusivity ratio, 6. 

2.1. Deposition velocity 
The following assumptions, originally made by 

Mastanaiah [14], are repeated with some revisions in 
the analysis here. 

The flow is fully developed. 
The concentration profile is developed so that the 
entrance effects are not present. 
Drop concentration is so small that it may be 
considered that the fluid turbulence charac- 
teristics are unaltered. 
Particle size is such that the explanation of its 
motion relative to the fluid includes the Oseen 
regime (Re, < 5). 
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NOMENCLATURE 

C drop (particle) concentration [kgm-)] v, radial r.m.s. fluctuating velocity of gas 
c bulk concentration u.J(u.Jpg+ wJP,J [ms-‘1 

[kw-3l vi radial fluctuating velocity of gas [m SK’] 

Cn drag coefficient VP radial r.m.s. fluctuating velocity of drop 

C, centerline concentration [kg m-‘1 [m s-‘1 
D tube diameter [m] 5 radial fluctuating velocity of drop 

d, droplet diameter [m] [m ss’] 
E entrainment V po value of VP at start of free flight 

.r” 

fractional deposition (~1’ = 30) [m s- ‘1 
smooth tube friction factor, 2~,/(p,0~) Y radial distance from wall surface [m] 

9 acceleration due to gravity [m ss2] Yf dimensionless radial distance, U*y/v, 

kd deposition velocity [m SK’] W V,- VP [ms-‘I. 
kd+ dimensionless deposition velocity, 

kdl u* Greek symbols 
L tube length [m] s particle to fluid diffusivity ratio, a,/.~ 
m droplet mass [kg] % fluid diffusivity [m’ SK’] 
N local rate of radial mass flux of droplets % particle diffusivity [m* s-‘1 

[kgm-*s-l 1 P dynamic viscosity [N sm-7 

N0 mass rate of deposition of droplets V kinematic viscosity [m” s-l] 
[kgm-2s-’ 1 z drop relaxation time based on Stokes 

r radial distance from the tube center [m] drag, 51 VDO 
r0 tube inner radius [m] r+ dimensionless drop relaxation time, 

+ ra U*r,lv, r P/V, 

s stopping distance based on Stokes rw wall-shear stress [N mm *I. 

drag, d&, I’,,/1 Q, 
S+ dimensionless stopping distance, Subscripts 

su*/v, C centerline 

t time [s] d droplet 
D superficial mean gas velocity [m s ‘1 g gas phase, bulk, air-water vapor 
u+ u/u* mixture 
U* friction velocity, 0$j2 [m s ‘1 P drop (particle). 

(e) There is no wall rebound or re-entrainment of dispersion is considered essentially diffusive. The eddy 
drops. diffusivity (Q expression proposed by Reichardt [I 51 

(f) The local mass flux of droplets in the turbulent is also considered here and is given by 
core varies linearly from zero at the tube center 
to a value of N, at y + = 30, thus remaining con- 
stant to a value equal to N, in the region 

sl=7[l-(;>‘][1+2(;)2]. (5) 

0 < y+ < 30. Therefore, the local mass flux can 
be given as Here K is the mixing length constant and is equal to 

0.4. Integration of equation (4) between y+ = 30 and 
in the core leads to the concentration 

. c3) 
a point y + 
distribution as given by 

(g) Both the fluid and the droplet move radially C- Cb = ~ N0 

towards the wall with the radial r.m.s. fluctuating [1-(30/r,+)] U*6K 

velocity. 
x=(‘-3W,+) 

The rate law for the diffusion of droplets is given (W by x=,1-yf,r,t)' 
N=E$ (4) Aty+ =r,+,wehave 

.I 

where cp is the particle diffusivity and equal to 6~ 
Equation (4) for the particle flux is based on the 

“-” = [l-(30;:;)]U*dK 

assumption that the particles in the gas core interact 
with the turbulent eddies in such a way that particle ’ (6b) 
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The deposition velocity is defined as 

with the bulk concentration i? given by 

0) 

c 

I ‘0 

ClJr dr 

C= JO 

s ‘0 
Vb) 

Ur dr 
0 

where U(r) is the radial velocity ~st~bution in the 
tube [16]. In evaluating c, it is assumed that C = C, 
for 0 < y+ < 30. This assumption was studied in 
detail by GaniC and ~astana~ah [l]. Following the 
same procedure (see 11, equations (5 j-(7)] to find 
C,/o), the expression for the deposition velocity is 
obtained in the dim~sionless form as : 

x ln C l+U+2U-_(W,+llf* 1 J-1 + & (8) 1-[l-(30/r,+)]2 . 
2.2. Particle tacked d~~~~#it~ ratio 6 

The diffusivity ratio 6 is defined as [I 71 

7-q 6 = Epi&, = VP /v, = V,“,Y,“_ (9) 

The diffusivity ratio, 6, can be determined from the 
equation of motion of the particles in a turbulent 
flow field, neglecting the gravitational and pressure 
gradient forces. Taking into consideration the 
assumption number g, the equation of motion can be 
written as 

where the drag coefficient Cr, was taken for the Oseen 
regime [IS], which is valid up to Re, = 5, as 

Substituting equation (2) into (lob) and then into 
(lOa), we get 

dVP__ -&- - a]V,- Vpl+b(V,-- VP)’ (lla> 

where 

Ulb) 

and 

b2!!&. 
P P 

(1 lc) 

If VP-- VP = w, then equation (I la) can be rewritten 
as 

dw 

di= 
-bw2-aw -t 2. 02) 

To solve the last differential equation, we have to 
know dV$dt. For the time being, let dVJdt = C, (see 
Section 2.4) and then we can use the Riccati technique 
f19] to convert equation (12) from nonlinear form, as 
follows. 

Let 

(131 

then 

dw b~~“-b5’2 

a; = (bcy * (14) 

Substituting into equation (121, we obtain 

lj”+ar’-b&Z, = 0 (15) 

which is an ordinary differential equation, having the 
general solution 

g=K,e C3f + Kj eC*’ (16) 

provided that dV$dr > 0 (see Fig. 1) where 

cc+ = - ; - ;v/n’_t4bC,. (17b) 

The constants & and K, can be determined from the 
bounda~ condition. 

Re=500000 

; 
1.2 

m? 1.0 

3 

; 0.8 

> 

E” 0.6 
L 

i 0.4 - k.fmemd by Lsefet 

0.0 0.2 0.4 0.6 0.8 1.0 

Normalized Red&l 

Location r/R 

RG. 1. Comparison between the measured value of the r.m.s. 
velocity and the predicted value. 
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Equation (13) can be rewritten as 

1 K,C, eCs’ + K,CI 64’ 
w=- 

b Kz eC3’ + K, eC4’ > 

EL-KASSABY and E. N. GANIC 

(18) 

analysis and referring to Fig. 1, it can be shown that 
over almost the whole radial distance, the relation of 
V$U* vs r/r0 can be represented by a parabolic 
relation which predicts a linear relationship with 
respect to time. The above-mentioned fact was the 
main idea used in solving equation (12) by setting 

assuming that the boundary condition at the center- 
line is as follows : 

at t =O, w = w, (L9a) 

where w, = w at the centerline. This boundary wn- 
dition gives 

Kz = K,CS (19b) 

where 

c4 - w,b 
Cs=-. 

w,b- C? 

Substituting equations (1 SC) and (19b) into (18), we 

get 

v _ v = w _ f CSC3eC3f+CdeC** 
8 P -b ( C5 eC+ fee+” > 

. (20) 

The selection of the initial condition w, is discussed 
in detail by El-Kassaby [20], and in the range of the 
present data (6000 < Re < 50000), w, is selected to 
be 0.2u*. 

2.3. The ~tuppi~g distance arzd the relaxation time 
The stopping distance S is defined as the distance a 

particle would travel through a stagnant fluid ( V8 = 0) 
with a prescribed velocity. Considering equation 
(12a), the stopping distance can be derived as 

S=iln QW 

where VP, is the free flight velocity at the edge of the 
buffer layer taken as 0.9u* 191. Equation (21a) can be 
written in dimensionless form as follows : 

Sf _ su* _ 184&u* 
27~~ Vg 

CW 

The relaxation time ‘t can be expressed as follows 

S 
r=- 

V PO 
(22a) 

which can be rewritten in nondimensional form as 
follows 

TV2 
z+ =- = 0.3292 

yg 
yln(l +F). WV 

2.4. Vertjication ofthe assumption dV,/dt = Cl 
Measurements by Laufer [21] have shown that the 

distribution of V8 vs the radial distance is almost the 
same for different Re, in the range 1 > y/r, 3 0.1 (Fig. 
l), and for this range V, is varying from 0.72U* at the 
centerline up to 1.1 U* at y/r,, N 0.1, which will he 
used later as a boundary condition. From the previous 

Equation (23) can be rewritten as follows : 

VdV”=C 
g dr I’ 

By integrating (24) we get 

2 = C,r+Cs (25) 

where C6 is constant, depending on the boundary 
condition. 

Knowing that r = ro-y, then 

(26) 

Multiplying the previous equations by V/v,, to get 
them in dimensionless form, we obtain 

Tr=C,r,$ l-‘$ +C6s. 
( > 

(27) 
g 

Using the boundary condition as measured by Laufer 
[21] (see Fig. l), it follows that : 

V, = 0.72tP, at the centerline 

and (28) 

V8 = l.lu*, at y/r, EO.1. i 

Substituting these boundary conditions into equation 
(27) we get 

0 384U*3 
C, =k 

roCvg 
(294 

and 

Cs = 0.259V2. (29b) 

Substi~ting equations (29a) and (29b) into (27) we 

get 

v,= U*[o.768(, -$)+o.518]“z (30) 

V, can be written as a function of time, using equa- 
tions (24) and (29a) as 

v _ 0.384U*‘t 

*- r+v 
+ 0.72uY. 

0 8 

The mean r.m.s. velocity can be evaluated by inte- 
grating equation (30) with respect toy” to get 

p* = 0.923u*. (32) 
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The plotting of equation (30) in Fig. 1 (shown by small 
dashed lines) shows a good agreement with Laufer’s 
measurements [21]. 

2.5. Solution technique 
Equation (20) was used to tind the local value of 

w = VP- VP. Then by using equation (31), the local 
value of V, was determined. Looking at equation (20), 
one can find the local value of VP and then from (9) 
find 6. Finally, substituting into equation (S), one can 
determine the value of kd/V. 

In many practical situations, the suspended drop- 
lets may not be of uniform size, but have a size dis- 
tribution. In such cases, an appropriate mean diam- 
eter has to be specified for evaluating t+. The 
arithmetic mean drop size is taken as the effective 
droplet diameter in the present calculations. 

3. PREDICTION OF PARTICLE 
DIFFUSIVITY RATIO 

Using equations (20), (31) and (9), we can evaluate 
6 at different values of Re and z + . The latter parameter 
is given in equation (22). The results are plotted in 
Fig. 2, which shows the following observations. 

At constant Re, as z + increases, 6 decreases. 
At constant r + , as Re increases, 6 increases. 
The usefulness of this graph is that one can easily 

find 6 at any given condition, i.e. if we know t+ and 
Re, we can find 6. 

4. COMPARISON WITH EXPERIMENTAL DATA 

The accuracy of the proposed theory is now tested 
by comparing the calculated results with the existing 

experimental data as well as with the present measure- 
ments. 

4.1. Deposition data for monodisperse particles 
Much of the deposition data in the literature was 

obtained using monodisperse particles. Such data are 
not associated with uncertainties in particle size and 
therefore present an excellent basis for comparison 
with theory. For monodisperse particles, the present 
theory can be compared with the reliable data of Agar- 
wal [6] over a wider range of Re and 7+, with a few 
data points of Sehmel[2] and Liu and Ilori [22] within 
a narrow range of 7+ between 40 and 60, and finally 
with the data of GaniC and Mastanaiah [l] with the 
drop size distribution. 

Deposition data of Agarwal [6]. Agarwal [6] has 
obtained deposition data for uniform-size, uranine- 
tagged olive aerosol in a vertical down-flow of air in 
a 3.27~mm-I.D. glass tube with L/D = 91.7 at 
Re = 6000, and in a 13.8~mm-ID. copper tube with 
L/D = 73.9 at Re = 50000. The test section tubes 
are smooth. The drops are generated by means of a 
vibrating orifice monodisperse aerosol generator. The 
maximum size of the droplets used is 21 pm, and 
the droplet to fluid density ratio is about 713. The 
deposition velocity is determined from the amount of 
aerosol deposited on the deposition section only and 
hence no entrance effects are present. 

The calculated deposition velocity k,/ u* vs 7 + using 
the present analysis is compared with ref. [6] in Figs. 
3 and 4, which show only data for 7+ > 40. The results 
calculated from the theories of Friedlander and John- 
stone [9] and GaniC and Mastanaiah [l] are also given. 
It is clear that the theory of Friedlander and Johnstone 

10’ 
7’ 

IO3 1lJ 
4 

FIG. 2. Prediction of the diffusivity ratio S as a function of r+, at different values of Re starting with 
Re = 10 000 with increment 10 000, ending with Re = 100 000. 
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R, = 6000 

Exp Data, Agarwa, [6] 
- Present model 
-.- G and M model [I] ‘\ 

_ ---- F and J model [9] ‘1 

lo-1/ , ( ,,,,, , ,,,I , , , ,,,,, 
IO’ 102 103 

Tf 

‘*/ 
ior . 

‘-+._ 
. . 

\ 

5 
\ 
y” 

i -“-----I --_---_-_______- 
-7- ------- 

\ 
‘\ 

\ 
I \ 

Exp Dota, Agarvnl[6] 
- Present model 

-.- G and M model [I] 

Fond J modei [9] 

\ 

04 

FIG. 3. Comparison of predicted deposition velocity with the FIG. 4. Comparison of predicted deposition velocity with the 
experimental data of Agarwal[6]. experimental data of Agarwal [6]. 

[9] was unable to predict the deposition velocity and 
that of GaniC and Mastanaiah [l] slightly under- 
predicts the measurements. However, the present 
model represents the best prediction for the exper- 
imental data, as it takes into account the presence of 
the inertia forces of fluid (Oseen regime). 

Deposition data of Sehmel [2] and Ilori [3]. Sehmel 
[2] has obtained deposition data in an upward, vertical 
flow of air and methylene blue aerosol in 71- and 29- 
mm-I.D. tubes. The maximum particle diameters used 
are 28 and 8.5 pm for the larger and smaller diameter 
tubes, respectively. The data of Ilori [3] are obtained 
in an upward, vertical flow of air and 80% methyl- 
ene-20% uranine in a 29.8-mm vertical tube at 
Re = 50 000. The droplet to fluid density ratio is about 
1317 and the size of the droplets is of the order of 6.9 

The-present theory, the theory of Friedlander and 
Johnstone [9], and the theory of Ganic and 
Mastanaiah [l] are compared in Table 1 with the data 
of Sehmel[2] and Ilori [3]. It is evident that the present 
theory is in satisfactory agreement with the data, while 
the theory of Friedlander and Johnstone [9] con- 

siderably underpredicts the data. It can also be noticed 
that the present theory has better agreements than 
that of Ganic and Mastanaiah [l]. 

Deposition data of GaniC and Mastanaiah [ 11. Ganic 
and Mastanaiah [l] have obtained deposition data in 
an upward, vertical flow of air and water in 12.7-mm- 
I.D. acrylic tubes. The maximum particle diameter 
used is 45 pm. The present theory, Ganic-Mastanaiah 
theory [l], and the theory of Friedlander and John- 
stone [9] are compared in Figs. 5 and 6. The present 
theory shows good agreement, as does that of GaniC 
and Mastanaiah [l] up to z+ = 800 (Re = 94600). 
The present theory, however, follows the profile of 
the plotted experimental data better. 

4.2. Present deposition measurements 
Experimental apparatus and procedure. In order to 

provide a further check on the proposed deposition 
model, the theory is also compared with the present 
deposition data. The authors have recently obtained 
deposition rate measurements for an air-water system 
in a vertical tube at near atmospheric pressure using 
the same apparatus used by Mastanaiah [ 141; details 

Table 1. Comparison of predicted deposition velocities with the experimental data of Sehmel [2] and Ilori [3] 

WU* % Error 

Ref. 
D 4 

(mm) Ocm) Re 5+ 
Present Present 

Exp. theory G-M* F-J? theory G-M F-J Red 

PI 71 28.0 35000 40 0.16 0.1256 0.123 0.054 21 23.1 66.2 0.05 
29 8.5 60000 55 0.12 0.1123 0.110 0.050 6.4 8.3 58.8 0.04 

131 29.8 9.0 50000 48 0.12 0.116 0.114 0.051 3.3 5 57.5 0.05 

* G-M : theory of Ganic and Mastanaiah [l]. 
t F-J : theory of Friedlander and Johnstone [9]. 
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Re =52500 

P,, =I 15 bar 
c,, x 103 

0 65-27 I 
. 25-40 
0 52-62 

I 

16 
0 

cP2Q 1 ‘-I ---_---___L 
* 

‘_&____,__“____ 

? 
‘0 . 

2 
\. 

1. 
1. 

\ 
- Present model 

-.- G and M model [I] 
___- F and J model [91 

\ 

FIG. 5. Comparison of predicted deposition velocity and the 
experimental data of Mastaniah [14]. 

of the experiments are given in this reference. The 
Sauter mean diameter of droplet size distribution dx2 is 
calculated from the Nukiyama-Tanasawa correlation 
[23], which gives a good agreement with the measured 
drop size done by Mastanaiah. The values of d,,, are 
obtained from d3*, using the relations for the drop 
diameter developed by Tatterson et al. [24]. The tech- 
nique of measuring the deposition rate is similar to 
that applied by Cousins and Hewitt [7j. During the 
experiment, the liquid layer formed at the inlet of the 
test section is completely removed. The drops then 
migrate towards the wall and form a thin liquid film 
that grows continuously along the test section. The 
liquid film formed at the test section exit is also 
removed completely. The flow rate of liquid collected 

c ,n x OS 
Re = 94600 0 22 -31 
P,,= I 37 bar . 56-59 

0 70-75 

_-__----___--____~_~~~~____- 
\P 0 

\ 

‘\ 

- Present model 
-.- G and M rrodel [I] 
___- F and J model 191 

FIG. 6. Comparison of predicted deposition velocity with the 
experimental data of Mastaniah [14]. 

at the test section exit gives the amount of liquid 
deposited over the entire test section length and thence 
the fractional deposition F. With a knowledge of F, 
the deposition velocity kd is determined from 

F= l-exp[-4(k,/o)(L/D)]. (33) 

The absence of entrainment for the present exper- 
imental conditions is confirmed using the correlations 
of Troung and Huyghe [25], which suggest entrain- 
ment E of less than 0.5% for Re = 55 200. In view of 
these factors the entrainment effect is not taken into 
account in deducing the deposition velocities. The 
flow rate of air removed through the extractor is, 
however, measured to be less than about 1% of the 
total air flow rate through the test section and is there- 
fore considered to have no significant effect on the 
measured deposition data. An error analysis done 
by Mastanaiah [14] has indicated that the measured 
deposition velocities are accurate to within about 
12%. The reproducibility of the data has been assured 
by repeating some of the runs. The data in general are 
consistent without significant scatter and are therefore 
considered reliable. 

Comparison of data obtainedfrom the theory with 
that of the experimental work. The measured dimen- 
sionless deposition velocity for Re = 26 700, 36 000, 
43000 and 55200 are depicted in Figs. 7-10. The 
conditions for a different set of data are given in Table 
2. It can be shown in Fig. 7 that kJV* decreases with 
z + beyond which it remains nearly independent of r + . 
This trend is also noticed in practically all exper- 
imental data. The physical reason for this effect is that 
as z+ increases, the droplet size increases, and the 
weight also increases, so the droplet becomes too 
heavy to follow the flow. Up to a certain size, the 

I?, = 26700 

P,, = I. 14 bar C,.r IO3 Kg/m3 

l 33-56 

K 

‘\ 
‘\ 

o . Exp. Data 

- Present mode1 
-.- G and M model [II 

FIG. 7. Comparison of predicted deposition velocity with the 
present experimental data at Re = 26 700; gas flow 
rate wg = 5.05 x 10-j kg s-l; liquid loading w, = 2.5 x 

10m3 kg SK’, 01.79 x lo-” kg SK’. 
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R. = 36000 

P,,= I 09 bar 
C,” x I03 K,,/m3 

l 33-56 
0 13-25 

Exp Data 

Present model 
G arrZ M model [II 

FIG. 8. Comparison of predicted deposition velocity with the Fro. 10. Comparison of predicted deposition velocity with 
present experimental data at Re = 36000; gas flow the present experimental data at Re = 55200; gas flow 
rate wg = 6.649x lo-’ kg SK’, liquid loading W, = 1.135x rate ws = 10.17x 10-r kg SK’; liquid loading w, = 1.79x 

IO-) kg s-‘, 01.794x lo-’ kg s-‘. 1O-7 kg s-‘. 

Re = 43000 

C,,= 24-31 x IO-3 Kg/m3 

P,,= I 176 tar 

. Exp Data 
- Present mode, 
___ G and M mode, [I] 

FIG. 9. Comparison of predicted deposition velocity with 
the present experimental data at Re = 43 000; gas flow rate 

wg = 7.96 x 10e3 kg s-l; liquid loading w, = 1.79 kg SK’. 

- Present model 

1 ----. G and M model [I] 

momentum of the particle will compensate for the 
decrease in velocity, attaining almost the same depo- 
sition rate without dependency on r +. 

The prediction of kd/U* from the present theory, 
and the theory of Ganic and Mastanaiah [I], are also 
compared in Figs. 7-10. It is observed from Fig. 7 
that the present theory is in good agreement with the 
data, an even has the same trend. 

In Fig. 8, the present theory overestimated over the 
entire range. This is due to experimental error which 
was estimated at 12%, while in Figs. 9 and 10 the 
error becomes relatively greater. The reason for this 
is that as Re increases, the air flow rate increases, 
causing some evaporation from the liquid deposited 
on the wall, thus resulting in the smaller amount of 
water deposition measured. 

In view of the above comparisons, it is evident that 
the present theory offers a considerable improvement 
over previous theo,ries for Re, < 5. 

Table 2. The conditions for experimental dam obtained 

Re 

26 790 
36 040 
43 150 
55 230 

Inlet pressure 
(bar) 

1.09 
1.134 
1.185 
1.254 

21 

22.8-53.13 
17-50 

15.551 
1453 

ci, x 10-3 r+ z+ 
0% m-7 Oseen regime Stokes regime 

12.7-56.8 251-1180 308-1632 
15-36 235-1522 285-2367 
24-3 1 258-1965 316-3240 
29-45 279-28 17 346-5108 
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5. DISCUSSION AND CONCLUSION mech. Engrs, Series C, J. Heat Transfer 92, 587-594 

It can be shown that ke/U1 is a function of Re, x+ 
(1970). 

9. S. K. Friedlander and H. F. Johnstone, Deposition of 
and P,/P. since suspended particles from turbulent gas streams, Znd. 

(4 

(b) 

(4 

, I-, D 

w [equation (20)] is a function of a and b, which 
Engng Chem. 49,1151156 (1957). 

10. J. W. Cleaver and B. Yates, A sublayer model for the 
means a function of droplet diameter and p,/p,, deposition of particles from a turbulent flow, Chem. 

so that w = f(r +, pi,/ps). 
Also 6 is a function of V, and w, and V, is a 

11. 

function of Re, then 6 = f (z+, Re, p,/p& 

From equation (8), ke/iJ* is a function of 6, Re 12. 

and r +. Therefore, kc/U* = f (Re, z+, p,/p& 

Eigng Sci. 30,983992 (1975). 
S. Namie and T. Ueda, Droplet transfer in two-phase 
annular mist flow : II. Prediction of droplet transfer rate, 
Bull. J.S.M.E. 16,752-764 (1973). 
Y. Hagiward and T. Satao, An experimental inves- 
tigation of liquid droplets diffusion in annular-mist flow, 

The proposed expression for deposition velocity 
given by equation (8), using the value of 6 by interp- 
olation from Fig. 2, is believed to be of considerable 
application in predicting droplet deposition rates in a 

13. 

two-phase flow. The Oseen drag force produces a 
better prediction for evaluating the droplet deposition 
and is valid for a wide range of values for d, and z +. 14. 

This better predictability should be important in a 
wide range of applications of the two-phase flow. 

15. 
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DEPOT DE GOUTTELETTES DANS UN ECOULEMENT TURBULENT DIPHASIQUE 

R&mm&Des etudes theoriques et experimentales ont Cte conduites sur le depot de particules, a partir dun 
Bcoulement turbulent diphasique, sur la paroi lisse dun tube vertical. Les travaux de Ganic et Mastanaiah 
[S] pour le regime de Stokes a 6tt Btendu jusqu’a inclure le regime d’Oseen (Re,, < 5). La theorie proposde 
d&t correctement les don&es connues aussi bien que de nouvelles donnees relatives a un icoulement air- 
gouttelettes d’eau qui passe dans un tube d’acier inoxydable de 12,95 mm de diametre, P Re = 27000, 

36 000,43 000 et 55 000. 
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TROPFENABLAGERUNG IN EINER TURBULENTEN ZWEIPHASENSTRGMUNG 

Zusammenfassung-Es wurden theoretische und experimentelle Untersuchungen zur turbulenten Abla- 
gerung von Partikeln aus einer zweiphasigen Tropfenstriimung an die glatte Wand eines senkrechten 
Rohres durchgefiihrt. Die Arbeit von Ganic und Mastanaiah fiir den Stokes-Bereich wurde durch diese 
Untersuchung erweitert, indem der Oseen Bereich (Re, < 5) mit einbezogen wurde. Die vorgeschlagene 
Theorie beschreibt die vorhandenen Daten und ebenso die neuen Daten, die an einer Luft-Wasser Tro- 
pfenstriimung ermittelt wurden, welche durch ein Rohr mit 12.95 mm Durchmesser aus rostfreiem Stahl 

bei Re = 27 000, 36 000.43 000 und 55 000 strbmt. 

OCEAAHME KAHE_Jlb B ABYX@A3HOM TYP6YJEHTHOM HOTOKE 

AHHOTaUHn-TCOpCTMsCCKH I4 ‘3KCflCpHMCHTZLlbHO HCC,lCUOBaHO Ty,@.lCHTHOC OCC,!IaHNC ‘IaCTMII H3 

nByX@3HOrO flOTOKa Ha rJIWKyKI CTCHKY BCPTMKkLTbHOfi Tpy6bl. PC3yJbTaTbl FaHN'la M MaCTaHbRXa 

[S] nnn pemmta CToKca pacnpocTpaHeHb1 Ha pexm 03eeHa IRe, < 5). Hpen_~o~emiaa reopsa y30s- 
,TeTBO,WTCJbHO OnHCbIBaeT H3BCCTHbIe ,!IaHHblC, a TBKW(C pe3y;lbTaTbL nO.lyqeHHblC i,Jlll Ka"C.lbHOIO 

noToKa Bosnyx-Bona B Hepmaeemueit CTanbHoti rpy6e c nuaMerpoM 12.95.~~ np~ Re = 27000. 36000. 
43000 M 55000. 


