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Estimation of first cell distance to wall

The wall cell distance is crucia for accurate predictions of the RSM method in simulation of turbulent
flow, so the distance is estimated using suggested formulas of ANSY S Fluent

% Pi pe dinensions and fluid properties are first determ ned.
prompt = "Enter fluid density (kg/n3): ' ;
rho_f = input(pronpt);

pronpt = 'Enter dynam c viscocity (m2/s): ' ;
nmu = i nput (pronpt);

pronpt = 'Enter velocity (ms): ' ;
U = input(pronpt);

pronpt = 'Enter pipe length (m: ';
L = input(pronpt);

pronpt = 'Enter pipe dianeter (m: ';
d = input(pronpt);

Re p=rhof * U* d/ nu;
%Re p=rho* U* L/ nu
cf = 0.079 * Re_f~(-0.25);
tau w= 0.5 * Cf * rho f * U\2;
U tau sqgrt(tau_wrho f);

% Choice of y plus is nade on recommendati on by ANSYS. For RSM net hod,
%y _plus should not be higher than 1
pr onpt "Select y plus from1l to 200: ';

y_plus i nput (pronpt);

y = (mu * y_plus)/(rho_f * Utau);

Y = sprintf('Cell distance should be % neters away fromthe
wal | .",y);

di sp(Y)
Compuation of deposition velocity

The dimensionless deposition velocity is computed based on number of inlet particles and total registered
outlet particles. The relaxation time is set manually and is used to plot the deposition velocity later on.




% cl ear all
cl ose all
%clc

% Fl uid properties and pi pe di nensi ons

M= 28.97; % Ml ecul ar wei ght of air [kg/knol]
rho f 1.16; % fluid density [kg/ nt3]

% rho_p = 3750; % al um ni um oxi de density
rho_p = 2000; %silica colloid density

nu = 1.589*10"-5; % Ki nematic visc(v)

mi = nu * rho f; % Dynam ¢ visc (u)

R = 8314; % Uni versal gas constant [J/knol K]

X = 5; % Dynam ¢ shape factor

T =373; % Fluid tenp [Kel vin]

g =0

d = 0.1, % Channel dianeter / height [netre]

L = 10; % Length of pipe [n]

dx = 5; %Length in which particles travel (mnus the initial neter)

S =rho_p/rho_f; %Particle-fluid-ratio

%u =5, %Avg. velocity, Tandberg
u = 48.0701; % Avg velocity 50 nis inlet sim
% u = 9.8015; % Avg velocity 10 nmfs inlet sim

% Particle dianeter
d_p = 5*10"-8; % Particle dianmeter [nmetre]
d p_mcro=d_p * 1076; % Particle dianeter [mcronetre]

% Devel opnent of particle relaxation tine

Re f = (rho_f * u * d)/(mu); % Reynol ds nunber

I =nu * ((pi*M/(2*R*T))"0.5; % Mean free path

%l = 0.0664 * 107-6 *(101/101)*(373/293)*((1+(110)/(293))/(1+(110)/
(373))); % Crowe

Kn =1 ./ d_p; % Knudsen nunber

Cc =1 + Kn.*(2.514 + 0.8 .* exp(-0.55./Kn)); % Cunni ngham slip
correction factor

%Cc =1+ Kn.*(2.34 + 1.05 .* exp(-0.39./Kn)); % Tandberg, uses

0. 5*Kn

Cd = (24/Re_f) * (1+0.15*Re_f~0.687); % Drag coefficient

f = (3*pi*mu.*d_p.*x)./(Cc); %Friction coefficient

k = 1.38054 * 10"-23; % Boltzmann const ant

Db = (k*T*Cc)./(3*pi*mu. *d_p); % Stokes-Einstein equation diffusion
coeff.

g_plus = g*nu/ (u_fric”3); % D nensionless gravitational acceleration

L 1 plus = 3.08*rho_f./(rho_p.*d_p_plus); %D m |ess constant of
Ahmadi

k_plus = 0; % Surface roughness, 0 for snmpboth surface




% Cf = 0.0791 * Re_f~(-0.25);

Cf =2 * (2.236*1 og(Re_f) - 4.639)"(-2); %friction factor
tau w=Cf * 0.5 * rho f * u*2; % WAll shear stress

ufric = sqrt(tau_w/ rho f); %Friction velocity

d p plus =d_p .* u_fric/mu; % D nensionless particle dianeter

tau_p (rho_p * d_pn2) / (18*mu); % Particle inertia relaxation tine
tau_p tau_p * Cc; % Accounting for rarefied gas effects

tau_plus = tau_p * u_fric”2 / nu %D nensionless particle real axation
time

% Comput ati on of di mensi onl ess deposition velocity

100000; % Particles at inlet
100000-611; % Particles at outl et

Ni nn
Nout

v_dpp = (d*u)/(2*u_fric*dx) * log(N nn/Nout) %D m |ess deposition
vel .

Plotting deposition velocity

Thefollowing script isfed the deposition vel ocities extracted from FLUENT and computed by the previous
script. The deposition velocities are plotted over a parameter of particle relaxation times set by the fluid
flow properties and particle sizes. Lastly, the empirical formulae of Papavergos & Hadley (1984) and
Ahmadi (1994) are computed for the same particle size range and compared.

d_p = linspace(4*107-9, 2. 5*107-5, 1000000); % Particle dianeter [m
par anet er
% Papavergos & Hadl ey (1984)

Vd_p = zeros(1,length(tau_p_plus));

for i = 1:length(tau_p_plus)
j = tau_p_plus(i);
if j <0.2
Vd_p(i) = 0.065*(Sc_p(i))"(-2/3);
elseif 0.2 <j &&j <= 20.0
Vd_p(i) = 3.5 * 10"-4 * jr2;
elseif j > 20
Vd_p(i) = 0.18;
end
end

% Ahmadi  (1994)
Vd_p_a = zeros(1,length(tau_p_plus));




for i 1:l ength(tau_p_pl us)

i tau_p_plus(i);

if i ==

0.084 * Sc_p(i)"(-2/3);
((0.64*k_plus+0.5*d_p_plus(i))"2 ..
+ (tau_p_plus(i)”2*g_plus*L_1 plus(i))/(0.01085*..
(1+tau_p_plus(i)”™2*L_1 plus(i))))/
(3.42+((tau_p_plus(i)n2*..

g_plus*L_1 plus(i))/
(0.01085*(1+tau_p plus(i)”2*L_1 plus(i)))));

c = (1/(1+tau_p_plus(i)~2*L_1 plus(i)));

e = (1+8*exp(-(tau_p_plus(i)-10)"2/(32)));

f = (0.037)/(1-tau_p_plus(i)”2*L_1 plus(i)*(1+(g_plus)/
(0.037)));

Vd_p a(i) = a + 0.5*b"c * e * f;

elseif Vd_p_a(i-1) < 0.14

a
b

0.084 * Sc_p(i)"(-2/3);
((0.64*k_plus+0.5*d_p_plus(i))"2 ..
+ (tau_p_plus(i)~2*g_plus*L_1 plus(i))/(0.01085*..
(1+tau_p_plus(i)”™2*L_1 plus(i))))/
(3.42+((tau_p_plus(i)n2*..

g_plus*L_1 plus(i))/
(0.01085*(1+tau_p plus(i)”2*L_1 plus(i)))));

c = (1/(1+tau_p_plus(i)~2*L_1 plus(i)));

e = (1+8*exp(-(tau_p_plus(i)-10)"2/(32)));

f = (0.037)/(1-tau_p_plus(i)”2*L_1 plus(i)*(1+(g_plus)/
(0.037)));

Vd_p a(i) = a + 0.5*b"c * e * f;

el se
Vd_p_a(i)
end

0. 14;
end

% Dim |ess relaxation times and deposition velocities conputed from
% results provided by FLUENT DPM for |isted particle sizes.

d_p _match_sst = [4e-9, 6e-9, 2.6e-8, 8e-8, 2e-7, 6e-7, 8e-7, le-6,..
2e-6, 3e-6, 6e-6, 3e-5];

tau_p_match_sst = [0.0012, 0.0018, 0.0084, 0.0304, 0.1067, 0.6681,..
1.1271, 1.7045, 6.3656, 13.9833, 54.5758, 1000];

v_d_p_match_sst = [0.0099, 0.0095, 0.0091, 0.0093, 0.0078, 0.004s,..
0. 0045, 0.0051, 0.0298, 0.2150, 0.2005, 0.1940];




v_d_p_rsm= [0.0190, 0.0185, 0.0184, 0.0185, 0.0180, 0.0140,
0.0139, ...
0. 0152, 0.0292, 0.1392, 0.1774, 0.1855];

% Dim |ess deposition velocity plotted against dim |ess relaxation
time
figure(l)
| ogl og(tau_p_plus, vd_p, '-', tau_p_plus, Vd_p_a, '-',
tau_p_match_sst, ...
v_d_p_match_sst,
grid on
xl abel ("Dim less relaxation rate')
yl abel (" Dim | ess deposition velocity')
title('Dim |ess deposition velocity for a 10 mpipe at 48 nis')
| egend(' Papavergos & Hedl ey (1984)',' Ahnmadi (1993)',...
"k-\omega SST simulation',"RSM sinulation', "location','best')
axi s([10~-3 1073 107-5 1070])

go', tau_p_match_sst, v_d_p rsm

ro)

% Pl ot of Cunninghamslip correction factor

figure(2)

| ogl og(d_p, Cc)

grid on

title(' Rarefied gas effect by particle size, 48 nis')
x|l abel (" Particle dianmeter")

yl abel (' Cunni ngham correction slip factor')

% Pl ot of particle Schm dt nunber

figure(3)

| ogl og(d_p, Sc_p)

grid on

title(' Schm dt nunmber by particle size, 48 nis')
x|l abel (" Particle dianmeter")

yl abel (" Particle schm dt nunber')

Integration of deposition rate along pipe wall

Having recieved deposition rates from MATLAB using the UDF in FLUENT, the deposited particles are
plotted against pipe length to reveal the concentration of deposited particles. The deposition rates are then
integrated across each cell, revealing the deposition velocity of all cells.

figure(4)

subpl ot (1, 2,1)

pl ot (pi pe_I| ength, deposited)

grid on

x|l abel (" Pipe wall position [n]")

yl abel (' # deposited particles')

title([' Deposited ',nunRstr(d_p)," particles, long pipe'])

Ni nn = 100000; % Particles at inlet

for i = 1:1ength(pipe_Il ength)




Nout = Ninn - deposited(i);
v_dep_p(i) = (d*u)/(2*u_fric*pipe_length(i)) * log(N nn/Nout);
Ninn = Nout;
el seif pipe_length(i) == pipe_length(i-1)
v_dep_p(i) = v_dep_p(i-1);

el se

Nout = Ninn - deposited(i);

v_dep_p(i) = (d*u)/(2*u_fric*(pipe_length(i)-
pi pe_length(i-1))) * [ og(N nn/Nout);

Ninn = Nout;

end
end
% The integration of dep. velocit over all cells should provide an
aver age

% deposition velocity equal to that computed in previous script.

correlation = sum(v_dep_p)/ (Il ength(pipe_length)); % Check result

pl ot (pi pe_l ength, v_dep_p)

grid on

x|l abel (" pipe length [m")

yl abel ("Dim | ess depisition velocity [-]")

title([' Dep. velocity per cell for ', nunstr(d_p), ' dianeter
particles'])

Dimensionless velocity profile

Dimenionless velocity profileis plotted close to wall to evaluate the different turbulence models.

% The wal | shear stress is retrieved at the beginning of deposition

regi on

%tau w = 0.27; %wall shear stress for |ong pipe vel 9.8 RSM (0. 26
SST)

tau_w sst 4.63; %l ong pipe wel 48 SST

tau wrsm= 4.8, %Ilong pipe wel 48 RSM
% Friction velocities are conputed
ufric_sst = sqgrt(tau_w sst / rho_f);

ufric_rsm=sqgrt(tau_wrsm/ rho_f);

% The nunber of cells fromthe wall to y+ = 1073 are neasured, with
t he

% data provided for by FLUENT results.




for i = 1:1length(wall _distance_)
if i ==
y(i) = wall _distance_(i);

y_plus_sst(i) (u_fric_sst * y(i)) / nu;
y_plus_rsm(i) (u_fric_rsm* y(i)) / nu;

elseif y_plus_sst(i-1) < 103 % Not necessary to neasure for hiher
val .

y(i) = wall _distance_(i);
y_plus_sst(i) = (u_fric_sst * y(i)) / nu;
y_plus_rsm(i) (u_fric_rsm* y(i)) / nu;

el se
% Vel ocity is fetched for the neasured cells.
uplus_rsm=vel _rsm1l:i-1)./u_fric_rsm
u plus_sst = vel _sst(1l:i-1)./u_fric_sst;

br eak

end
end

figure(4)

% plot(y_plus, u plus_sst, y plus, u_plus_rsm

sem | ogx(y_plus_sst, u_plus_sst, y plus_sst, u plus_rsm
axi s([107-1 1073 0 25])

grid on
title(' The velocity |law of the wall, long pipe 48 ms')
x|l abel ("y+")
yl abel (" u+')
| egend(' \ kappa - \omega SST sinmulation',' RSM
simul ation','location',"'best"')
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