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ABSTRACT 

This manual discusses the capabilities and implementation 
procedures for MAEFOS,  the stand-alone multicomponent aerosol 
module of C O N T A I N .  The module calculates aerosol composition and 
mass concentration as a function of particle size and time. The 
processes that may be incorporated are 1) coaqulation due to 
Brownian motion, gravity and turbulence; 2) particle deposition 
due to gravitational settling, diffusion and thermophoresis; 3 )  
particle growth due to condensation of a gas, typically water 
vapor; and 4 )  time varying sources of particles of different sizes 
and chemical compositions. The capabilities of the code are 
illustrated through simulating an aerosol released in a 
hypothetical situation. 
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I. INTRODUCTION 

For assessing health consequences due to inhalation of an 

aerosol, much effort has been devoted to modeling the physical and 

chemical processes that govern the evolution of a spatially 

homogeneous aerosol. Although particle size is generally 

considered to be the single most important variable characterizing 

the respirability of an aerosol,2 different substances usually do 

not have similar biological effects and thus studies restricted to 

size distribution dynamics alone cannot fully assess aerosol 

health effects. Therefore, in this work, a general code for 

simulating the evolution of the distribution of chemical species 

with respect to particle size is presented. The physical 

phenomena included are: I) coagulation, 2) deposition, 3 )  particle 

growth due to condensation or what is often called gas-to-particle 

conversion and 4 )  time varying sources of particles with different 

sizes and chemical compositions. 

implementing the above processes is given by Gelbard and 

Seinfeld. 

A complete discussion for 

3 

To make the code modular, all interfacinq is achieved through 

a common block and a call statement in a subroutine supplied by 

the user. This eliminates the reading of input data and 

facilitates incorporation of MAEROS into codes requiring an 

aerosol model. 

procedure, one need only read Chapters I, 11 111 and V of this 

manual. However, since an extensive study of the basic 

coefficients used to specify the processes qoverninq aerosol 

To implement this simplified interfacing 
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evolution was not made, the user may wish to change some or all of 

the three basic coefficient specification routines. A discussion 

of these routines is therefore given in Chapter IV of this manual. 

The functional forms of the basic coefficients used in MAEROS are 

given in Appendix A. 

Although this is the first officially released version of 

MAEROS, many suggestions have already been made for future 

developments. The author would be interested in any additional 

comments on MAEROS. 
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11. NUMERICAL METHOD 

The numerical technique is based upon dividing the particle 

size domain into m sections and imposing the condition of mass 

conservation for each chemical component for the processes given 

above. Therefore, aerosol mass concentrations are grouped into 

sections (i.e., size classes) for which an average composition is 

determined. Although the complete technique3 places virtually no 

restrictions on the size or number of sections, the code is 

limited to geometrically spaced sections in particle mass (i.e. 

vi+l 1. 2vi, where vi is the largest particle mass in section i). 

Thus the maximum number of sections is given by 

where vo and v, are the smallest and largest particle masses in 

the computational domain, respectively. The code is also 

restricted to coagulation, deposition and condensation mechanisms 

which are only dependent on particle mass and not chemical 

composition. Only the source mechanisms may be particle size and 

composition dependent. Since intra-particle chemical reactions 

and condensation of more than one component were not of 

significant interest for reactor safety studies, the code does not 

currently simulate these processes but a discussion for 

incorporating them is given by Gelbard and Seinfeld. 3 

Incorporating these processes into the code is being considered 

for the next version of MAEROS. However, for the mechanisms that 

can be simulated by the code, the error in computinq the aerosol 
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mass concentration of each component as a function of particle 

size can be made arbitrarily small by increasing the number of 

sections with the restriction that vi+l 2vi. 

For m sections, a set of 2m2+4m "sectional" coefficients must 

be calculated before integrating in time. These coefficients are 

determined from the basic coagulation, condensation and deposition 

coefficients discussed in Chapter IV and tabulated in Appendix A. 

Since the sectional coefficients depend on the physical properties 

of the containment chamber (e.g., temperature, pressure, chamber 

volume and deposition surface area), one will generally have to 

recalculate them for a particular application. Unfortunately, 

computing the sectional coefficients usually requires a 

significant computational effort. However, for a given 

containment chamber, the sectional coefficients will probably vary 

only with temperature and pressure. Therefore, the code has been 

developed such that the sectional coefficients are stored at a 

user specified upper and lower bound for both temperature and 

pressure. Thus, linear interpolation from the four sets of 

sectional coefficients is used to determine the sectional 

coefficients at a particular temperature and pressure, without 

requiring recalculation of the sectional coefficients for each 

time step. If the same sectional coefficients are used for all 

simulations, to save computer time it is highly recommended that 

these coefficients be "hard wired" into the code. The procedure 

for hard wiring sectional coefficients is given in Chapter IV. 

The code as supplied, automatically defaults all coefficients to 



zero unless they are requested to be calculated in the call to 

MAEROS . 
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111. INTERFACING MAEROS 

Given the initial state of the aerosol in a chamber, one 

calls the MAEROS routine to calculate the aerosol concentrations 

after a specified time step. Thus by callinq MAEROS recursively, 

the evolution of the aerosol can be calculated. For the users' 

convenience, a subroutine called PRAERO is supplied with the code 

to print the aerosol concentrations after each time step. Thus, 

as shown in the sample problem in Chapter 17, PRAERO is called 

after each call to MAEROS. Clearly one is not restricted to using 

PRAERO and may substitute one's own output routine. One must 

dimension the following arrays in the program that calls MAEROS: 

Q(160), SRATE(160), DEPSIT(3,8), DIAM(21). 

MAEROS must be called as follows: 

CALL MAEROS(M,KCOMP,TIME,DELTIM,Q,SRATE,TGAS,~GAS,DEPSIT,DIAM, 

TGAS1,TGAS2,PGAS1,PGAS2,ROUND,IPRNT,IFLAG,NEWCOF). 

where, 

Input to MAEROS (to be supplied by the user) - 

M = Number of sections (must be an integer from 5 to 20). 

For more than 20 sections, array dimensions must be 

changed as discussed in Appendix B. One may use 

initially 10 sections and check for convergence by 

repeating the calculations with 20 sections. 



KCOMP = number of components (must be an integer from 1 to 

8 ) .  For more than 8 components, array dimensions 

must be changed as discussed in Appendix €3. 

TIME = initial time (real variable in seconds). 

DELTIM = time step (real variable in seconds), such that 

MAEROS will integrate in time from TIME to 

TIME+DELTIM. 

Q = array of suspended mass concentrations at the 

beginning of the time step, where Q(K+(L-l)*KCOMP) is 

the suspended mass concentration of component K in 

section L. Q is a real array in kg/m 3 . 

SRATE = array of concentration generation rates to be used 

over the time step, where SRATE(K+(L-l)*KCOMP) is the 

concentration generation rate of component K in 

section L. SRATE is a real array in kg/(s m3). 

that if any element of SRATE is changed from the 

previous call to MAEROS, IFLAG should be reset to -I, 

but NEWCOF need not be reassigned a positive value. 

Note 

TGAS = qas temperature to be used over the time step. TGAS 

is a real variable in K. Note that if TGAS is changed 

from the previous call to MAEROS, IFLAG should be 

reset to -1, but NEWCOF need not be reassigned a 

positive value. 
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PGAS = gas pressure to be used over the time step. PGAS is 

a real variable in Pa. Note that if PGAS is changed 

from the previous call to MAEROS, IFLAG should be 

reset to -1, but NEWCOF need not be reassigned a 

positive value. 

DIAM = (M+1) dimensional array of particle diameters at the 

section boundaries. DIAM is a real array in meters 

and may not be changed after the first call to 

MAEROS . 

TGASl = lowest gas temperature in K. 

TGAS2 = highest gas temperature in K. Note that TGAS2 must be 

greater than TGASl and both TGASl and TGAS2 are real 

variables which should not be changed after the first 

call to MAEROS. 

PGASl = lowest gas pressure in Pa. 

PGAS2 = highest gas pressure in Pa. Note that PGAS2 must be 

greater than PGASI and both PGASl and PGAS2 are real 

variables which should not be changed after the first 

call to MAEROS. 

ROUND = machine unit round-off error. This is the smallest 

number added to 1.0 which the machine will 

distinguish from 1.0. 
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Machine 

IBM 360/370 

DEC 10 

DEC VAX 

CDC 6600/7600 

UNIVAC 1108 

ROUND 

9.6E-7 

7.7E-9 

6.OE-8 

7.73-15 

1 .5E-8  

I P R N T  = logical unit number of printer. 

integer. 

I P R N T  must be an 

I F L A G  = time integration flag. Set I F L A G  to 1 for the first 

call to MAEROS. If S R A T E ,  T G A S ,  or PGAS are changed 

from their previous values or NEWCOF > 1, reset I F L A G  

to -1. I F L A G  must be an integer variable. 

- 

NEWCOF = Flag to indicate which coefficients are to be 

recalculated. For I N E W C O F ]  < 10, condensation of the 

last component is assumed. For INEWCOFl > 11, 

condensation is neglected. If NEWCOF is negative, 

coefficients are not recalculated and all variables 

passed through the common block P H Y S P T  are ignored, 

and M, KCOMP, and Q may not be changed from t h e  

previous call to MAEROS. Interpolation is always 

performed to determine the sectional coefficients 

based on T G A S ,  P G A S ,  T G A S 1 ,  T G A S 2 ,  P G A S 1 ,  and PGAS2, 

regardless of the value of NEWCOF. However, as noted 

previously, one should use a negative value of NEWCOF 

to avoid the excessive computational cost of 

- 
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recomputing sectional coefficients. One of the 

following positive integer values of NEWCOF may be 

passed to MAEROS to indicate which sectional 

coefficients are to be recalculated. NEWCOF must be 

an integer variable. 

NEWCOF Meaning 

1. Recalculate coefficients at the four combinations of 

temperature and pressure qiven by TGAS1, TGAS2, 

PGAS1, and PGAS2. 

4 

5 

6 

Recalculate coefficients only at TGASl and PGASI. 

Recalculate coefficients for PGASl at TGAS1. and 

TGAS 2 .  

Recalculate coefficients for TGASl at PGASl and 

PGAS 2 .  

Same as 1, except recalculate only deposition 

coefficients. 

Same as 1, except recalculate only condensation 

coefficients. 

10 



7 

8 

9 

Same as 1, except recalculate only deposition and 

condensation coefficients. 

Modify condensation coefficients by multiplying 

sectional condensation coefficients by DELSAT. 

DELSAT will now be used as a multiplicative factor on 

the previous value of the condensation coefficient. 

Recalculate only condensation coefficients at TGASl 

and P G A S 1 .  

11 Same as 1, except no condensation. 

12 Same as 2, except no condensation. 

13 Same as 3 ,  except no condensation. 

14 Same as 4 ,  except no condensation. 

15 Same as 5, except no condensation. 

NEWCOF must be positive on the first call to MAEROS. 

automatically changes NEWCOF to -1NEWCOF 

MAEROS, the user need not specify NEWCOF 

MAEROS . 

Since the code 

on returning from 

for subsequent c a l l s  to 
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Output from MAEROS 

TIME 

Q 

= final time equal to the initial time plus the time 

step (seconds). 

= array of suspended mass concentrations at end of 

the time step (kg/m3) 

DEPSIT(J,K) = mass of K-th component deposited on the J-th 

deposition surface over the time step (real 

variable in kg). 

where J = 1 ceiling 

2 vertical walls 

3 floor 

NOTE: This is not the cumulative mass for the 

entire simulation. 

IFLAG 

NEWCOF 

= The code will automatically reset IFLAG for the 

next call to MAEROS. 

= - I N E W C O F ~  

Before calling MAEROS, if coefficients are to be recalculated 

(i.e. NEWCOF > 0), the following parameters must be set in the 

common block PHYSPT. 
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COMMON/PHYSPT/ACEL~V,AFLROV,AWALOV,CHI,DELDIF, 

$DELSAT,DENSTY,FSLIP,FTHERM,GAMMA,PSAT,STICK,TGRADC,TGRADF, 

$TGRADW,TKGOP,TURBDS,VOLUME,WTCONM,WTMOL 

where 

ACELOV 

AFLROV 

AWALOV 

CHI 

DELDIF 

= ratio of surface area of ceiling to chamber volume 

(l/meters) . 

= ratio of surface area of floor to chamber volume 

(l/meters) . 

= ratio of surface area of vertical walls to chamber 

volume (l/meters). Note that i f  ACELOV,AFLROV and 

AWALOV are set to zero, all deposition mechanisms 

are ignored. 

= dynamic shape factor (-1). 

= diffusion boundary layer thickness (meters). This 

variable is used only for calculating diffusive 

deposition. 

DELSAT = saturation ratio minus 1 (may not be negative). 

The current version of the code assumes that there 

is an infinite source of condensing gas such that 

DELSAT is constant. In the next version of MAEROS, 

13 



DENSTY 

FSLIP 

FTHERM 

GAMMA 

PSAT 

removal of condensible species from the gas phase 

will be accounted for. If NEWCOF = 8, the 

condensation coefficient will be multiplied bv 

DELSAT. 

= particle material density (kg/m3). If the material 

density is a function of particle size, see Chapter 

1V.E. 

= particle slip coefficient (-1.37). 

= a constant associated with the thermal 

accommodation coefficient (-1). 

= agglomeration shaFe factor (-1). 

= equilibrium vapor pressure of condensing gas (Pa). 

Note that for rapid condensation of a vapor, the 

equations solved by MAEROS become stiff and 

difficult to solve using the current version of the 

code. This problem should be resolved in the next 

version of the code. The user may encounter 

stiffness for larqe values of DELSAT and PSAT. 

STICK = particle sticking probability (-1). 

14 



TGRADC 

TGRADF 

TGRADW 

= temperature gradient from ceiling to qas (positive 

for gas hotter than surface) (K/m). 

= temperature gradient from floor to gas (K/m). 

= temperature gradient from wall to gas (K/m). 

TGRADC,  TGRADF and TGRADDW are used only for 

calculating thermophoretic deposition. 

TKGOP = thermal conductivity of gas over that for particle. 

TURBDS = turbulence dissipation rate (m 2 3  / s  1 .  

VO L UME = chamber volume (m 3 ) .  

WTCONM = mass of condensing molecule (kg). 

WTMOL = molecular weight of gas (kg/kg-mole) 

Note that if C H I  and GAMMA are functions of particle 

mass, they may be changed in the routines B E T A  and D E P O S T  as 

discussed in Chapters 1 V . B  and 1 V . C .  If DENSTY is a function of 

particle mass, the subroutine RHODD should be changed as discussed 

in Chapter 1 V . E .  

15 



1II.A. Output 

For the user’s convenience, the routine PRAERO may be used to 

print and plot the section concentrations. The routine is set up 

for an arbitrary number of sections and a maximum of 8 components. 

However, unless the DIMENSION statement is changed, only a maximum 

of 20 sections may be printed. To initialize PRAFRO, PRAERO 

should be called with IFLAG=l, before calling MAEROS. To print 

the results at the end of each time step, one only needs to call. 

PRAERO using the calling sequence. 

CALL PRAERO(Q,DEPSIT,DIAM,TIME,VOLUME,M,KCOMP,IFLAG, 

IPRNT,IPLOT,QMINPL,QMAXPL,ISCAL,NROW,NCOL) 

PRAERO calls the routine PPLOT which prints a plot suitable 

for output on either an alphanumeric computer terminal or a line 

printer. The size and type of plots are controlled bv the last 

six input variables to PRAERO. Thus the following must be 

supplied by the user as input to PRAERO. 

Input to PRAERO (to be supplied by user) 

Q,DEPSIT,DIAM,TIME,VOLUME,M,KCOM?,IFLAG and IPRNT are inputs to 

PRAERO and they are the output variables from MAEROS as defined 

above. 

IPLOT = the loqical unit number to print the plot. If one 

is using a time sharing system, it may be useful to 

have the tabulated results printed on the line 

printer and have the plots appear on the terminal 

screen. IPLOT may be set equal to IPRNT for the 

16 



plots to be printed on the same device. IPLOT must 

be an integer. 

QMINPL = minimum mass concentration in kg/m3 to be plotted. 

If IISCAL1<2, QMINPL is ignored. QMINPL must be a 

real number. 

QMAXPL = maximum mass concentration to be plotted. If 

(ISCAL1<2, QMAXPL is ignored. 

real number. 

QMAXPL must be a 

ISCAL = scaling parameter. The mass concentration axis may 

be plotted linearly or logarithmically by 

specifying ISCAL to be positive or negative, 

respectively. However, as shown in the example 

problem, if the mass concentration in any sectioh 

is zero, the code will switch from logarithmic to 

linear scaling. If IISCAL! = I-, the code will 

ignore QMINPL and QMAXPL and choose appropriate 

bounds for  the mass concentration axis. The user 

may insist on using QYINPL and QMAXPL by setting 

IISCALI = 3 .  If (ISCALI=2, the code will use QMINPL 

and QMAXPL, unless any section concentration is 

below QMINPL or above QMAXPL. In this case the 

code will rescale the appropriate bound. In 

general when one does not know the range of the 

results, it is best to use ISCAL = -1. In summary, 

the values of ISCAL may be 

17 



NROW 

NCOL 

- 3  user logarithmic scaling 

-2 user or automatic logarithmic scaling 

-1 automatic logarithmic scaling 

0 do not print any plot 

1 automatic linear scaling 

2 user or automatic linear scaling 

3 user linear scaling 

ISCAL must be an integer 

= number of rows for plotting. NROW must be an 

integer. Note that since a maximum of 50 rows may 

be used, the resolution of the plot is not good and 

one can not expect slight differences in section 

concentrations to be displayed on a printed plot. 

However, printed plots provide a very fast and 

convenient sketch of the results and are extremely 

useful for quick qualitative analysis. If NROW is 

less than 1 3  the code will automatically reset NROW 

to 1 3 .  

= number of columns for plotting. NCOL must be an 

integer with a maximum value of 101. Since the 

code uses the first 18 columns for labelling the 

y-axis, NCOL+18 columns are required to print a 

plot. Thus if NCOL = 90, the code will use 108 

columns to print a plot. If NCOL is greater than 

101, the code will automatically reset NCOL=101. 

If NCOL is less than two times the number of 

18 



sections plus one, the code will automatically 

increase NCOL to this value. The number of columns 

used to represent a section will be roughly 

proportional to the section size based on the 

logarithm of particle diameter. 
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IV. COEFFICIENT SPECIFICATION ROUTINES 

For those cases in which the existing basic coefficients 

given in Appendix A do not adequately represent the phenomena of 

interest, one should change the coefficient specification routines 

discussed in this chapter. However, if only the parameters need 

to be changed, that can be accomplished by specifying new values 

for the parameters through the common block PHYSPT in the MAEROS 

calling routine, as discussed in the previous Chapter. The user 

is cautioned that many of the basic coefficients were obtained 

from those reported in another code4. 

the accuracy of the reported coefficients and one may decide to 

change some of the existing coefficient specification routines for 

a particular application. 

Little research was done on 

IV. A. Coefficient Storage 

For cases with identical particle size domains (i.e., vo and 

vm), number of sections and basic coefficients, the sectional 

coefficients should be stored in the routine BLOCK DATA for 

subsequent use in other simulations. This will avoid the 

expensive and redundant calculation of recomputing sectional 

coefficients. One may access the new sectional coefficients after 

calling MAEROS with a positive value of NEWCOF through the common 

block, 
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COMMON/DBLK/CTlP1(880) ,CTIP2 (880) ,CT2P1(880) ,CT2P2 (880) 

where the arrays CT(I)P(J) contain the sectional coefficients 

for the I-th temperature (i.e., I = l  for TGASl or 1=2 for TGAS2) 

and the J-th pressure (i.e., J=l for PGASl or J=2 for PGAS2). All 

four arrays in the common block DBLK should be replaced in the 

BLOCK DATA routine with the new values such that MAEROS may always 

be called with a negative value of NEWCOF. 

IV. B. Coagulation 

Any mechanism which results in the collision and subsequent 

coalescence of particles may be classified as a coagulation 

process. A compilation of the coaqulation coefficient for various 

mechanisms is given by Drake5. 

interest are 1)Brownian motion, 2) turbulence and 3 )  gravity. The 

functional forms of the coagulation coefficient for each of these 

mechanisms is given in Appendix A and the sum of the three 

coefficients is used as the basic coagulation coefficient in the 

code. 

The three mechanisms of primary 

The coagulation coefficient is specified by the subroutine 

BETA(Y,X,TGAS,PGAS,NBTYPE) where Y and X are the natural 

logarithms of the masses (in kilograms), of the coagulating 

particles. TGAS and PGAS are the gas temperature (in K) and 

pressure (in Pa), respectively. NBTYPE is a flag used in the last 

part of the routine to convert the coagulation coefficient for 

sectionalization. Before this conversion, BETA has the units of 
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3 m /s. 

calling the routine RHODD, as discussed in Chapter 1V.E. 

The material density of a particle can be determined by 

IV. C. Deposition 

The three mechanisms considered for aerosol removal are 1) 

gravitational settling, 2) diffusive wall deposition and 3 )  

thermophoretic wall deposition. 

specified by the routine DEPOST(X,DUM,TGAS,PGAS,NBTYPE), where X 

is the natural logarithm of the particle mass (in kilograms), DUM 

is a dummy argument and TGAS and PGAS are the gas temperature and 

pressure, respectively. NBTYPE is used to specify the deposition 

surface, such that the deposition coefficient on the ceilinq, 

vertical walls or floor, is returned for NRTYPE equal to 1, 2 or 

3 ,  respectively. The common block PHYSPT discussed in Chapter I11 

may also be used in this routine. 

The deposition coefficient is 

2 2  



IV. D. Condensation 

Condensation of a vapor on to a particle results in particle 

growth. For isothermal condensation, the growth rate given by 

Fuchs and Sutugin’ (as tabulated in Appendix A), is often used to 

calculate particle growth. The user is cautioned that this 

expression may not be appropriate for many reactor safety studies. 

The expression has been used to demonstrate the capabilities of 

the code and the possible effects of condensation. 

To incorporate other expressions for particle growth in 

MAEROS, the rate at which a particle of mass V increases mass 

divided by the particle mass should be used for GROWTH(V, 

DUM,TGAS,PGAS,NDUM) where V is the natural logarithm of the 

particle mass (in kilograms), DUM is a dummy argument, TGAS and 

PGAS are the gas temperature and pressure respectively, and NDUM 

is an integer dummy argument. The user may also incorporate the 

common block PHYSPT discussed Chapter 111. Note that condensation 

of the last component is calculated only if INEWCOFI < 10 in the 

MAEROS calling routine and the growth rate is in units of s-I. 

IV. E. Physical Properties 

The function routine RHODD(V,D,RHO) is used to specify the 

material density of the particle RHO (in kg/m3), given either the 

mass of the particle V (in kg) or the particle diameter D (in 

meters). If the particle mass is zero, this flags the routine 

that the particle diameter must be used to calculate the particle 
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mas$. However, if the particle mass is positive, the particle 

diameter must be calculated from the particle mass. This routine 

should be modified only if the material density is a function of 

particle size. If the material density is constant, it may be 

specified by assigning the appropriate value to DENSTY in the 

common block PHYSPT and thus the user avoids modifications to 

RHODD . 

2 4  



V. SAMPLE PROBLEM 

A sample problem is included with the code in the main 

program. A listing of the main program and the output it produces 

are given in the following pages. In the sample problem, there 

are 20 sections logarithmically spaced in particle diameter from 

0.01to 20 microns. The initial aerosol is composed entirely of 

component 1, for which the aerosolized mass concentration in 

section I is l.0x10-6exp[-(8(I-1)+1)/4] kg/m3. The other 7 

components are not contained in the initial aerosol. Components 2 

through 7 are generated in section 1 at a rate of 1 . 0 ~ 1 0 - ~ / 1 ~  

kg/m3, where I is the component number. 

mass concentration and source qeneration rate is arbitrary. 

Component 8 is condensing on the aerosol since (NEWCOFI<lO. By 

specifying NEWCOF = 2, the sectional coefficients are computed 

only for a gas temperature and pressure of TGASl and PGAS1, 

respectively. Thus the temperature and pressure for the 

simulation was set at TGASl and PGASI, respectively. 

This choice of initial 

To print the initial conditions and initialize the cumulative 

mass deposited, the routine PRAERO is called with IFLAG=1. If 

l<IISCAL(<3, - - PRAERO will call the plotting routine PPLOT, which 

prints on logical unit number IPLOT. In this example, IPLOT and 

IPRNT are both set at 6 ,  and thus the tabulated results and plots 

will both be sent to logical unit number 6 .  By calling MAEROS in 

the do-loop for ITIME equal 1 to 4 ,  four time steps are taken for 

output after 1, 10, 60 and 200 seconds of simulation. In general, 

it is best to request very small initial time steps such that the 
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code can get an idea of the time scales of the problem. After 

each call to MAEROS,  PRAERO is called to print and plot the 

results at the end of a time step. Clearly the user may replace 

PRAERO with another output routine, but it is recommended that 

PRAERO initially be used until the user is familiar with MAEROS. 

For this example, we note that there is no source of 

component 1. Therefore, after 200 seconds of simulation, the total 

suspended and deposited mass of component 1 is equal to the 

initial suspended mass of component 1. Due to condensational 

growth and scavenging by coagulation, all the mass of component 1 

has been removed from section 1 after 200 seconds of simulation. 

Finally we note that the total suspended and deposited masses of 

components 2 to 7 are equal to the generation rate of that 

component multiplied by time and the chamber volume. 
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PROGRAH IIAIM ( O U T P U T ,  I N P U T ,  T A P E G = O U T P U T )  
D I M E M S I O l J  0 ( 1 6 0 )  , S R R T E  ( 1 6 0 )  , D E P S I T  ( 3 , 8 )  , T O U T  (4) ,DIAI4  ( 2 1 )  
COr,:I*TON/PHYSPT/ACELOV, AFLROV,AWALOV, C M I  , D E L D I F , D E L S A T ,  DENSTY 

SFTHERE.1, GAKrIA, P S A T ,  S T I C K ,  TGRADC,  TGRADF,  TGRADPJ, T K G O P ,  T U E B D S  , V 
$NTCONPI, WTMOL 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

FSLIP,  
L U N E ,  

FOR CDC 6600 /7600  AND DEC/VAX COElPUTERS A DATA STATEPIEKT MAY 
BE USED FOR IMITIALIZIMG THE VARIABLES Irl THE C O ~ I E ~ O N  BLOCK PHYSPT 

DATA A C E L O V , A F L E O V , A W A L O V , C H I , D E L D I F , D E L S A T , D ~ N S T Y , F S L I P , F T ~ ~ E R M ,  
$GAEPMA, P S A T ,  S T I C K ,  TGRADC,  T G R A D F ,  TGRADT.7, T K G O P ,  T U R E D S ,  VOLUriiE, WTCONK, 

$ 1.07,1.07,2.29,1.,1.E-5~1.E-ll,l.E3,1.37,1.~1.~3.16E3~1.~O.~O.~ 
$O., .OS,. 0 0 1 , 2 . 8 6 , 3  . O E - 2 6  28.8/ 

DATA I.i,KCOIlP, I P R M T ,  I P L O T ,  I S C A L ,  NROC.7, MCOL,OKINPL,QllAXPL,TGASl 
S T G A S 2 ,  P G A S l  , P G A S 2 ,  T O U T  
$/20,8,6,6,0,45,101,1.E-6,1.~298.,450.,1.01E5,7.E5,1.~10.~60.~200./ 

St.1 T M o L / 

S E T  V A R I A B L E S  I N  CONNOIJ BLOCK PEIYSPT 

A C E L O V = l  .07 
A F L R O V = 1 . 0 7  
AWALOV= 2 .2  9 
C H I = 1 .  
D E L D I F z 1 . E - 5  
D E L S A T = l . E - l l  
D E N S T Y = l  . E 3  
FSLIP=1.37 
FTHERE. l=l .  
GAEll!A=l . 
P S A T = 3 . 1 6 E 3  
S T I C K = l .  
TGRADC=O. 
TGRADF=O.  
TGRADW=O . 
TKGOP= . 0 5 
TURBDS=.  0 0 1  
VOLUEIE= 2 .86 
C.?TCOIJFI=3 . 0 E- 26 
WTEIOL= 2 8 .8 

S E T  S E C T I O N  BOUND E 

DIAM ( 1 )  = . O l E - 6  
D I A M  ( M + l )  = 2 0 .  €3-6 
DO 2 I=2,M 

2 D I A N  ( I )  =DIAI4  (1) * ( D I A M  (M+1) / E I A E l ( l )  ) ** ( F L O A T  ( 1-1) / F L O A T  (PI) ) 

I N I T I A L I Z E  A L L  S O U R C E S  AND S E C T I O N  COMCENTRATIONS T O  ZERO 

M K C 0 14 P= M * K C 0 I.1 P 
DO 4 I = l , € . I R C O I I P  
Q( I ) = O .  

4 S R A T E  ( I )  = O .  

DETERFl Ih 'E  I N I T I A L  COMCENTRATIONS O F  T H E  F I R S T  COMPONENT AND T H E  
SOURCE RATE I N  S E C T I O N  1 FOR C O F P O N E N T S  2-7 

DO 1 1=1 ,MKCOPIP, 8 
1 Q ( I )  =1. E-6 * E X P  (-. 2 5 " F L O A T  ( I )  ) 

DO 6 I = 2 , 7  
6 SRATE(I)=l.E-S/FLOAT(I*I) 



C S E T  T G A S = T G A S l  AND P G A S = P G A S l  T O  U S E  S E C T I O N A L  C O E F F I C I E N T S  
C A T  T H E S E  TEMPERATURES AND P R E S S U R E S  
C 

TGAS= T G A S  1 
P G A S = P G A S l  
T I M E = O .  
R O U N D z 7 . 7 E - 1 5  
I F L A G = l  
NEWCOF= 2 

C 
C C A L L  T H E  R O U T I N E  PRAERO T O  P R I N T  T H E  I N I T I A L  COMCEMTRATIOMS 
C B E F O R E  C A L L I N G  MAEROS T O  I N T E G R A T E  I N  T I F I E  T O  T O U T ( 1 ) .  CALL MAEROS 

C MOTE T H A T  BY S E T T I N G  I S C A L  T O  -1 FOR I T I P I E = 4 ,  P L O T S  W I L L  B E  
C GENERATED ONLY ON T H E  L A S T  C A L L  TO MAEROS, S I N C E  I S C A L  WAS 

C 

C F O R  EACH T I M E  O U T P U T  IS  R E Q U I R E D  FOLLOPJED BY A CALL T O  PRAERO.  

C INITIALIZED TO ZERO 11: THE DATA STATEMENT. 

C A L L  PRAERO(Q~DEPSIT,DIAM,TII'4E~VOLUIlE,F~KCO~'lP~ I F L A G ,  I P R N T ,  I P L O T ,  
$QEl INPL,  QHAXPL,  I S C A L ,  NROP7, NCOL)  

DO 3 I T I M E = 1 , 4  
I F  ( I T I M E  . EQ .4  ) I S C A L Z - 1  
D E L T I M = T O U T  ( I T I I I E )  -TIPIE  
C A L L  IIAEROS (I.I,KCOHP,TIEIE,DELTIEI,Q, SRATE,TGAS,PGAS,DEPSIT,DIAM, 

$ T G A S l  , T G A S 2  I P G A S l  , P G A S 2  I ROUND, I P R M T ,  I F L A G ,  MEbJCOF) 
3 C A L L  PRAERO(Q,DEPSIT,DIAM,TIME,VOLUME,~~l~KCOI'~P~ I F L A G ,  I P R N T ,  I P L O T ,  

SQMINPL, QNAXPL, ISCAL, N R O P ~ ,  NCOL) 
C 

S T O P  
END 
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3 0  

. l o 0 0  E t  0 1 SECONDS 
KG/N * *3 

.2618E-06 

.4 23  OC-06 . 1 5 4 1  E+15 

.183 0 E-06 . 2  1 3  2 E+14 

.2101E-07 , 7 8 2 8 E t 1 2  

.1018E-08 . 1 2 1 3 E t l l  
,5759E-10 .2194E+09 
.5785E-11 . 7 0 4 8 E t 0 7  
.7 07 5 E-1  2 .27 56 E+06 
.9 1 4 7  E - 1 3  .1140E+05 
.1211E-13 .4 8 24 E+03 
.16 21E-14 . 2 0 6 5 E t 0 2  
.2183E-15 .8891E+00 
.29 4 6 E-16 .3838E-01 
.3  9 8 3 E-17 .1659E-02 
.5 3 86 E-1  8 .7 1 7  5E-04 
,72863-19 .3 104E-0 5 
.9855E-20 ,1342E-06 
.1332E-20 .5  8 03 E-0 8 
.17 99E-21 ,2506E-09 
.2423E-22 .1079E-10 
.8899E-06 .4746E+15 

NUt4BER/I: * *3 
.2 9 8 3  E+15 

DIAI!ETER RAKGE (11) 
.1COOE-07 -- .14 6 2 E-07 
.14G2E-O7 -- .2138E-O7 
.2138E-O7 -- .3 1 2 7  E-07 
.3127E-07 -- -4573E-07 
.4573E-07 -- .6687E-07 
.6687E-07 -- .9779E-07 
.9779C-O7 -- .143  OE-06 
.143CE-OG -- .209lE-06  
.2091E-06 -- .3058C-O€ 
.335CC-O6 -- -44728-06  
.44722-06 -- .6540E-06 
.654OC-O6 -- ,9564E-06 
.95GCC-i)6 -- .1399C-05 
.1399E-05 -- .2045E-05 
.2045E-05 -- .2991E-05 
.2991E-05 -- .4 37 3E-05 
.4373E-05 -- .6396E-05 
.639OC-O5 -- .9 3 52E-05 
.9352E-O5 -- .1368E-04 
.136SE-04 -- .2000E-04 

TOTAL (KG/I4**3) 
TOTAL ( K G )  

CEILING ( K G )  

FLOOR ( E G )  
TOTAL ( K G )  
CUP:ULATiVE ( K G )  

VERTICPiL WALLS ( K G )  

SECT ION 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 

TIHE = 

.1000E-07 -- .146 2E-07 

.1462E-O7 -- .2138E-07 

.2138E-O7 -- .3  127  E-07 

.3127E-07 -- .4573E-07 

.4573E-07 -- .66 87 12-07 

.6687E-07 -- .9779E-07 

.9779E-07 -- ,143OE-06 

.1430E-06 -- .2091E-06 

.20918-06 -- .3058E-06 

.3058E-06 -- .4472E-06 

.4472E-06 -- .6540E-06 

.65408-06 -- .9564E-06 

.9564E-06 -- .13 9 9 E-OS 

.1399E-05 -- .2045E-05 
,20456-05  -- .2991E-05 
.2991E-O5 -- .4373E-05 
.4373E-05 -- .6396E-C5 
.63966-05 -- .9352E-05 
.9352E-O5 -- .1368E-04 
.1368E-04 -- .2000E-04 

TOTAL 

OIAllETER RANGE ( I : )  

1 
.26 1 5  E-06 
.4228E-06 
, 1 8 3  OE-06 
.2101E-07 
.1018E-08 
.5759E-10 
.5785E-11 
.7 07 5E-12 
.9147E-13 
.1211E-13 
.16 21E-14 
.2183E-15 
.2946E-16 
.3983E-17 
.53 86 E - 1 8  
.7286E-19 
.9855E-20 
.1332E-20 
.1799E-21 
,2423E-22 
.8893E-06 
.2543E-05 

I< c; 
.7488E-06 
. 1 2 1  OE-05 
.5234E-06 
.6009E-07 
.2911E-08 
- 1 6  47E-09 
.1654E-10 
.2023E-11 
.2616E-12 
.3463E-13 
.4 6 36 E-14 
.6 242E-15 
.8427E-16 
.1139E-16 
.15 4 1E-17 
.20  84E-18 
.2 8 1  8E-19 
.3810E-20 
.51453-21 
.69 29 E-22 
.2545E-05 

COMPONENT ( KG/M * *3 ) 
2 3 4 

.157 9E-09 .7 01  6 E-1 0 .3 9 4 G E-1 0 

.6 895E-10 .3065E-10 .1724E-10 
, 1 9 7  2E-10 .876 5E-11 .4 93  O E - 1 1  
.157 3E-11 - 6  9 9 3  E-1  2 .3 9 34E-12 
.40 89E-13 .1817E-13 .1022E-13 
,63848-15  .2837E-15 .1596E-15 
.1914 E-16 .8509E-17 .4786E-17 
.1065E-17 .4732E-18 -2G62E-18 
.6 6 55E-19 .295 BE-1  5 -166  4E-19 
.4 2 50 E-20 .1889E-20 .1062C-20 
.2725E-21 -1211E-21 .6811E-22 
.17  4 5E-22 .7755E-23 .4 36 2E-23 
.1115E-23 - 4  954E-24 .27 86 E-24 
.7 1 0  3 E-2 5 .3157E-25 -1776E-25 
.4518E-26 .2008E-26 .1129E-26 

.7172E-28 - 2  86 9E-27 .1275E-27 
.1819 E-2 8 .80 86 E-29 .4548E-29 
.I1 52 E-29 .5122E-30 .2881E-30 
.7 29 3 E-3 1 .3241E-31 .1823E-31 
.4610E-32 .2049E-32 .1153E-32 
.2481E-09 .1103E-09 .6 203E-10 
.7 097E-09 - 3  1 5  4 E-0 9 .1774E-09 

5 
.2526E-10 
.110 3 E - 1  0 
.3  155E-11 
.2517E-12 
.6 542E-14 
.lo21 E-15 
.3  06 3 E-17 
.1704E-18 
. l o 6  5E-19 
.6799E-21 
.4 3 59 E-22 
,2792E-23 
.1783E-24 
.113GE-25 
.7228E-27 
.4 5 9 OE-28 
.2911E-29 
.1844E-30 
.1167E-31 
.7376E-33 
.397 OE-10 
.1135E-09 

6 
.1754E-10 
.7 6 G 1 E - 1 1  
. 2 1 9 1 E - l l  
- 1 7  48E-12 
.4 5 4 3E-14 
.7 093E-16 
.2127E-17 
.1183 E - 1  8 
.73342-20 
.4722E-21 
.3  0 27 E-22 
.193  9 E- 23 
.123 8 E- 24 
.7892E-26 
.5020E-27 
.3  I87E-2 8 
.2021E-29 
.1281E-30 
.8103E-32 
.5122E-33 
.27 57 E - 1  0 
.7885E-10 

TOTAL DEPOSITED I'lhSS = .3251E-07 KC, CUMULATIVE = .3251E-07 EG 
.7 84 8E-08 .1286E-11 .5717E-12 .3216 E - 1  2 -2058E-12 .1429E-12 
.168OE-O7 .27 5 3 E-11 .1224E-11 .6 883 E-12 .44 0 5 E-1 2 .3 0 5 9 E-1  2 
.7 849 E-0 8 .1286E-11 .5718E-12 .3 216E-12 .2058E-12 .1429E-12 
.3249E-07 .53 26E-11 .2367E-11 .13 3 2E-11 .8522E-12 .5918E-12 
.3249E-07 .5326E-11 .2367E-11 .1332E-11 .8 522E-12 .5  9 1  8E-12 

7 
,1289E-10 
.5629E-11 
. 1 6 1 0 E - l l  
.12  84E-12 
.3  3 3 8E-14 
.5211 E-16 
.15  6 3 E-17 
.86 3 22-19 
.5433E-20 
.3469E-21 
.2224E-22 
.142 4 E-23 
.9 099E-25 
.5798E-26 
.3688E-27 
.2 3 42 E-2 8 
.14 8 5 E-29 
.9408E-31 
. 5  9 5 3E-3 2 
.3763E-33 
.20 26 E-1 0 
.5793E-10 

. l o 5  0 E-1 2 

.2248E-12 

.IO50 E-1 2 

.4348E-12 

.4 3 4 8E-12 

8 
.7 9 31E-11 
,100GE-10 
.3  5 88E-11 
.3 3 3 9C-12 
,1113E-13 
- 3  0 3  3C-15 
, 1 5 1  0 2-1 6 
.101?P-17 
.7 07 3 E-1  9 
.4 8 3 5 E- 2 0 
.3  3 24 E-21 
.2215C-22 
,145SE-23 . 9 4 3 9E-25 
, 6 0 7  eE-26 
.3  632E-27 
.24e2E-28 
,1578E-29 
.10 0 0 E-30 
.6318E-3 2 
.2193B-10 
.6271E-10 

.4797B-12 

.10 27 E-1  1 

.47 5 8 E-1 3 

. 1 9  86 E-1 1 

.19  86  E-1  1 



DIAKETER RAE!GE (I!) 
.1000E-07 -- .1462E-07 
.1462E-07 -- .213 BE-07 
.2138E-O7 -- .3127E-07 
.3127E-O7 -- .4 5 7 3  E-07 
.4573E-07 -- .6687E-07 
.6687E-O7 -- .9779E-07 
.9779E-O7 -- .143OE-O6 
.1430E-06 -- .2091E-06 
.2091E-06 -- .3058E-06 
.3058E-G6 -- .447 2E-06 
.4472E-@6 -- .6540E-06 
.654OE-O6 -- .9564E-06 
-9564E-06 -- .1399E-05 
.1399E-05 -- .2045E-05 
.2045E-05 -- , 2 9 9 l E - 0 5  
.2?91E-05 -- , 4 3 7 3  E-05 
.4373E-05 -- .6396E-05 
.6396E-05 -- .9 3 52E-05 
.9352E-O5 -- .1368E-04 
.1368E-O4 -- .2000E-04 

TOTAL ( K G / M * * 3 )  
TOTAL ( K G )  

CEILING ( K G )  
VERTICAL WALLS (KG) 
FLOOR ( K G )  
TOTAL (KG) 
CUEIULATXVE ( K G )  

SECTION 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 

T I f l E  = . 
DIAI.;ETER RP.FIGT: (1;) 

.1000E-07 -- .14G 2E-07 

.1462C-C7 -- .2138E-07 
,2138E-07 -- .3127E-07 
.3127E-07 -- .4573E-07 
.4573E-07 -- .6687E-07 
.6687E-07 -- .977 9E-07 
.9779E-07 -- .143  0 E-06 
.1430E-06 -- .2091E-06 
.2091E-06 -- .3050E-06 
.3058E-06 -- .447 2E-06 
.4472E-O6 -- .6 54OE-06 
.6540E-06 -- .95 6 4 E-06 
.9564E-06 -- .13 99E-05 
.1399E-05 -- .2045E-05 
.2045E-05 -- .2991B-05 
.2991E-05 -- .4373E-05 
.4373E-05 -- .6 3 96 E-0 5 
.6396E-05 -- .9  3 5 2 E-0 5 
.9352E-O5 -- .1368E-04 
.1368E-04 -- .2000E-04 

TOTAL 

31  

,1 O O O C +  0 2 SECONDS 
I:C/i!”*3 NUE:BEI?/I!**3 

.6  077 E- 0 8 .6 9 24 E+13 

.5706E-07 . 2 @ 7  9 E t  1 4  

.274GE-06 .3  200Ct14  

.3851E-06 .143 5E+14 

.1237E-06 , 1 4 7  4 E+ 1 3 

.9341E-O8 . 3 5 5 9 E t 1 1  

,2700E-11 . 1 0 5 2 E t 0 7  
, 1 1 4 5  E-1 2 .1426C+05 
.13  09C-13 . 5 2 1 5 E t 0 3  
.167 9 E - 1  4 .213 9EtO 2 
.2218E-15 .9036E+00 
.2968E-16 .3 86 6 E- 0 1 
.3  993E-17 - 1 6  6 3E-02 
.5  3 85E-18 .7173E-OC 
.7 26 2E-19 .3  0 34 E-0 5 
.97758-20 .1331E-06 
.1309E-20 .57 01E-08 
.1732E-21 .2412E-0 9 
.2 23 4E-22 .9 9 5 2E-11 
.8561E-06 .7 557E+14 

.2157E-09 .2  6 27 E+O 9 

1‘; G 
.1738E-07 
-1632s-06  
.7 054E-06 
.1101E-05 
.3 537E-06 
.2671E-07 
.616 8E-09 
.7721E-11 
.3  27 5E-12 
.37 4CE-13 
.4803E-14 
.6344E-15 
.8488E-16 
, 1 1 4  2E-16 
.1540E-17 
.2077E-18 
.2796E-19 
.37 4 3 E-20 
.4 9 5 3 E-21 
.6 3 9 OE-22 
.2448E-05 

1 
.45 97 E-0 8 
.56 56 E-07 
.27 3 3 E-06 
.3837E-06 
.1233E-06 
.9 3 20 E-0 8 
, 2 1 5 3  E-0 9 
.2697 E - 1 1  
, 1 1 4  5 E-12 
.13 09E-13 
,167 9E-14 
.2218E-15 
.29686-16 
.3 993 E-17 
.53 8 5 C - 1 8  
.7262E-19 
.9775E-20 
.1309E-20 
.1732E-21 
.2 2 3 4 E-22 
.8510E-06 
.243 4E-05 

COf4POPJENT (KG/k!**3) 
2 3 4 

.7 220 E-0 9 .3209E-09 .1805E-09 

.2391E-09 .1063E-09 .5977E-10 
- 6  36 3 E-09 - 2  82 8E-0 9 .1591E-09 
.6 256E-09 .27 81E-09 .156 4E-09 
.15G2E-09 .6 9 4 2E-10 .3  9 05 E-1  0 
.9 403  E - 1 1  .4 1 7  9E-11 .2 3 5 1 E - 1 1  
.1670E-12 .7 421E-13 .4174E-13 
, 1 1 5  2E-14 .5122E-15 .2 881 E-1  5 
.77 89 E-17 .3462E-17 .1947E-17 
.2 871E-18 .1276 E - 1  8 .7177E-19 
.1717E-19 .76 29E-20 .4 2 9 2E-20 
.1070E-20 .4755E-21 ,2674E-21 
.67 4 5 E-22 .2998E-22 .16 86 E-22 
.4269E-23 .1897 E-23 .1067E-23 
.27 04E-24 .12 @ 2 E-24 .67 59 E-25 
.17 10E-25 .7601E-26 ,4276E-26 
. l o 7  9E-26 .4 7 9 5 E-27 .2697E-27 
.676BE-28 .3008E-28 .1692E-28 
.4199E-29 .1866E-29 .1050E-29 
.2547E-30 .113 2E-30 .6 367 E-3 1 
.23 89E-08 . l o 6  2E-08 .59723-09 
.683 2E-08 ,3036B-08 .17 O8E-08 

5 
.1155E-09 
.3825E-10 
. lOl8E-09  
. l o 0  1E-0 9 
.2499E-10 
. 1 5 0 4 E - l l  
.2671E-13 
.1844E-15 
.1246E-17 
.4 5 93  E-1  9 
.2747E-20 
.17 12E- 2 1  
. l o 7  9E-22 
.6  83 0 E-24 
.4 3 26E-25 
.2737E-26 
.17 26 E-27 
.10 83 E-28 
.6 7 18E-3 0 
.4075E-31 
.3822E-09 
.1093E-08 

6 
.8023E-10 
.26 56E-10 
.7070E-10 
.6 9 5 1  E-1  0 
.1736E-10 
.lo4 5 E - 1 1  
.1855E-13 
.12  R1E-15 
.85 54E-18 
, 3 1 3  OE-19 
.1907E-20 
,11898-21  
.7 49 4 E-23 
.47 43 E-24 
.3  0 0 4 E-25 
.19 00  E-26 
.1199E-27 
.7 52@ E-29 
.4 6 6 5 E-3 0 
.2830E-31 
.2654E-09 
.7591E-09 

TOTAL DEPOSITED !!ASS = .1102E-06 KG CUMULATIVE = .1427E-06 KG 
,2645E-07 .7 5543-10 .33 57 E-10 .1888E-10 .1209E-10 .8393E-11 
.5661E-07 .1617!3-09 .7186E-10 .4 0 42E-10 .2587 E-10 .17 96 E-10 
.2645E-07 ,7555E-10 .3358E-10 .1889E-10 .1209E-10 .8395E-11 
,1095E-06 .3128E-09 .1390E-09 .7 81 9E-10 . 5  004 E - 1  0 .3 47 5 E - l o  
.1420E-06 .3 181 E-09 .1414E-0 9 .7 9 52E-10 .50 89E-10 .3 53 4 E-1 0 

7 
.5  89 4 E-10 
.1952E-10 
.5194E-10 
.5107 E - 1  0 
.127 5E-10 
.7 67 6 E-12 
.13 G 3E-13 
.9 4 0 8 E-16 
.6358E-18 
.2344E-19 
.1401E-?O 
.8733E-22 
.550GE-23 

.2  207 E-25 

.13  9 6 E-26 

.8808E-28 

.5525E-29 

.3 4 2 8 E-3 0 

.2079E-31 

.1950E-09 

.5 5 7 7  E-09 

. 3  4a5c-24 

.6166 E - 1 1  

.13 20E-10 

.6167 E - 1 1  

.2553E-10 

.2597E-10 

8 
.15  0 1 E - 1 1  
.123  8 E-1  0 
.4 6 0 8E-10 
.5  3 5 5 E- 1 0 
.14 83E-10 
.97 02E-12 
.1873E-13 
.14 5 2E-15 
.13 55E-17 
.6 073E-19 
.3 843 E-20 
.2485E-21 
.16 07 E-2 2 
.1035E-23 
.6631E-25 
.4 2 2 8E-26 
.2682E-27 
.16 88E-28 
.1048E-29 
.6348E-31 
.12.9 3 E- 0 9 
- 3 6  99 E-09 

.146 2E-10 

.3 129E-10 

.1463 E-1 0 

.6 054 E-1 0 

.6 252 E-10 



32 

, 6  OOOC+O 2 SECONDS 
RG/!! * * 3 NUI,lBER/b?* *3 KG 

.4 27 5E-0 8 .4 87 1E+13 .1223E-07 

.7829E-09 . 2 8 5 3 E t 1 2  .2239E-08 

.1448E-07 .16 87E+13 ,414OC-07 

.1421E-06 .5  236 E+13 .4065E-06 

.3903E-06 .4 6 57 E+13 . l l l O E - 0 5  

.2329C-O6 .8875E+12 .6662E-06 

.2  8478-07 .3469E+11 .8143E-07 

.8579E-09 .3 3 4 2E+09 .2454E-08 
,834OE-11 .1039Et07  .2385E-10 
.4 4 44 E-13  .1770E+04 . 1 2 7 1  E-12 
.1840E-14 .23  4 4  E+O 2 .5 26 2E-14 
.2284E-15 .9303E+00 .6 531E-15 
.3 0 0 1  E-16 .3909E-01 .8582E-16 
.3997E-17 .166 5E-0 2 . 11 4 3 E-16 
. 5  3 43  E-1  8 .7 1 1 7  E-0 4 .15 2 8E-17 
.7 lll E-19 .3029E-05 .2034E-18 
- 9 3  31E-20 .1271E-06 .2669E-19 
.1185C-20 .516 1E-08 .33 89E-20 
.1402E-21 .1952E-09 .4009E-21 
.1424E-22 .6 3 43  E-11 .4 07 3 E-2 2 
.8148E-06 .177 2 E t 1 4  .2330E-05 

DIAMETER RAMGE (1.1) 
.1000E-07 -- .1?62E-07 
,1462E-07 -- .213 8E-07 

,21272-07 -- .4573E-O7 
.45735-07 -- ,66117E-07 
.6587E-07 -- .9779E-07 
.9779E-07 -- .14 3 0 E-06 
.14?0C-O6 -- .2091E-C6 
.2091E-C6 -- .3@5&C-O6 
.3059E-OG -- .4472E-06 
,4472E-06 -- .6 5 4 02-06 
.6540E-06 -- .9564E-O6 
.956CE-06 -- .13 9 3 E-05 
.139SE-C5 -- .2045E-05 
.2G45E-05 -- .2991E-05 
.2931E-05 -- -437  3 E-05 
,43735-05  -- .6336E-@5 
.6396E-O5 -- .9 3 52 E-05 
.9352E-05 -- .1368E-04 
.1368E-04 -- .2000E-04 

TOTAL (KG/M**3) 
TOTAL ( K G )  

.21?8E-07 -- .3  1 2 7  E-07 

CEIL1f:G ( R G )  
VE3TICAL HALLS ( K G )  
FLOOR (KG) 
TOTAL (KG) 
CUP!ULATIVE (KG) 

SECTION 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 

TIHE = , 
DIAllETER RAI,!GE (1.1) 

.1000E-07 -- .1462E-07 

.1462E-07 -- .213 8E-07 

.2138E-O7 -- .3127E-07 

.3127E-O7 -- .4573E-07 

.4573E-07 -- .66 87E-07 

.6G87E-07 -- .9779E-07 

.9779E-07 -- .1430E-06 

.1430E-06 -- .20 9 1  E-06 

.2091E-06 -- .3058E-06 

.3058E-06 -- .447 2E-06 

.4472E-06 -- .6540E-06 

.G540E-06 -- .3 5 64E-06 

.9564E-06 -- ,1399E-05 

.1399E-05 -- ,2045E-05 
,2045E-05 -- .239 1E-0 5 
.2991E-05 -- .4373E-05 
.4373E-O5 -- .6396E-05 
.6396E-05 -- .9352E-05 
.9352E-05 -- .13 6 8E-04 
.1368B-04 -- .2000E-04 

TOTAL 

1 
.1832E- l1  
.403 5E-09 
.13 4 7 E-0 7 
.1365E-06 
.3804E-06 
.2282E-O6 
.2801E-07 
.8456E-09 
.8?53E-11 
. 4 4  1 & E - 1  3 

.22 83 E-15 

.3 0 0 1  E-1  6 

.3997E-17 

.5  343 E - 1  8 

.7 11 1 E-1 9 

.9331E-20 . I1 2 5  E-20 

.1402E-21 

.1424E-22 

.7  87 8E-CG 

.2253E-05 

, 1 8 3 9 ~ ~ 1 4  

COMPONEPlT ( K G / M * * 3 )  
2 3 4 

.2@ C7E-08 .9275E-09 .5  2 1 7  E-0 9 

.1850E-09 .8221E-10 .4624E-10 

.4E37E-09 .2150E-09 .1209E-09 

.2710E-08 .1204E-08 .6775E-09 

.5020E-08 .2231E-08 .125  5 E-0 8 

.2269E-08 .1008E-08 .5672E-09 

.2218E-09 .9856E-10 .5 5 44E-10 

.5377E-11 ,239OE-11 .13 44 E-1 1 

.4137 E-13 .1839E-13 .1034E-13 

.1239E-15 . 5  5 05E-16 .3097E-16 

.47 86E-18 .2127E-18 .1196E-18 

.2037 E-1 9 .9 0 5 2 E-20 .5  0 9 2E-20 

.1248E-20 . 5  5 4 3E-21 .3 121E-21 

.7795E-22 .34G$E-22 .1349E-22 

.4884E-23 .2171E-23 .1221E-23 
.7 6 14E-25 .3046E-24 .1354E-24 

.187 2E-25 .8321E-26 .46 80E-26 

.1114E-26 .4951E-27 - 2 7  85E-27 

.6 1 R4E-2S .27 4 8E-28 .1546 E-28 

.2965E-29 .1318E-29 .7 413E-30 

.1298E-07 .5769E-08 .3245E-08 

.37 13E-07 .1650E-07 .9282E-0 8 

5 
.3  3 3 9E-09 
.2 9 5 9E-10 
.7738E-10 
.4 3 3  6 E-09 
.8032E-09 
,3630E-09 
.3 54 8E-10 
.86 03E-12 
.66 19E-14 
.13&2E-16 
.7 6 57 E-19 
.3259E-20 
.1997E-21 
.1247 E-22 
.7 81 4E-24 
.4 87 3 E-25 
.2995E-26 
.17 82  E- 27 
- 9  894E-29 
.47 45s-30 
.2077E-08 
-5 9 4 OE-0 8 

6 
.23 1 9  E-0 9 
.2 05 5 E - 1  0 
.5374E-10 
.3011E-09 
.5578E-09 
.2521E-09 
.24 6 4E-10 
.5974E-12 
.45 97 E-14 
,137  6 E-1 6 
.53  18E-19 
.2263E-20 
.13 87 E-21 
.8 6 6 1 E-23 
.5 4 2G E-24 
.33 84 E-25 
.20 8 OE-26 
.1238E-27 
.6 87 1 E-29 
.3  295 E-3 0 
.144 2E-0 8 
.4 1 2 5  E-0 8 

TOTAL DEPOSITED NASS = .1922B-06 KC, CUMULATIVE = .3349E-06 KG 
.3293E-09 .210EE-09 , 1 4 6  4 E-0 9 .4364E-07 

.93 4EE-07 .282CE-08 .1253E-08 .7 C50E-09 .4 5 12E-0 9 .3133 E-0 9 

.4372E-07 .1318E-O8 .5858E-09 .3295E-09 .2109E-09 .146 5E-0 9 
,18088-06 .5455E-08 .24258-08 .1364E-08 .8729E-09 ,60618-09 
-3229E-06 .5773E-08 .2566E-08 .1443E-08 .9238E-O9 .6415E-09 

.13  1 7  E- 0 8 . 5  6 5  4 E-0 9 

7 
.1704E-09 
.1510E-10 
.3948E-10 
.2212E-09 
.4  0 9 EE-09 
.1852E-09 
.1810 E-10 
.4 3 89E-12 
.3377E-14 
.1011E-16 
.3907E-19 
.16 6 3 E-20 
,1019E-21 
.6 36 3 E-23 
.3987 E-24 
.2 4 86 E-25 
.15  2 8E-26 
.9 0 3 3 E-2 8 
.5048E-29 
.2 4 2 1  E-3 0 
. l o 6  OE-08 
.3031E-08 

. l o 7  5 E-0 9 

.2302B-09 
, 1 0 7  6 E-0 9 
.4453E-09 
.47 1 3  E-09 

8 
. 1 0 1 1 E - l l  
.66 9 1 E-1  2 
.1213 E- 1 0  
.8983E-10 
.19E9 E-09 
.10 11 E-09 
,107  9 E-1 0 
.2835E-12 
.2362E-14 
.77 Or E-17 
.3 5 2 2E-19 
.1612E-20 
.1013E-21 
.6 430E-23 
.407 5E-24 
,2561E-25 
.15 82B-26 
.94 4 4 E-2 8 
.5 24 8 E-29 
, 2 5 0  9E-3 0 
.4 1 4  8E-09 . 11 86 E-08 

.4 6 45 E-1 0 

.9 9 53 E-10 

.4 6 56 E-10 

.19 2 5 E-09 

.2551E-09 



3 3  

DIAIiETER R A E X C  (!!) 
.10COE-07 -- .1462E-07 
.1462C-07 -- .213 EE-07 
.213&E-O7 -- .3127E-07 
.3127E-O7 -- .4573E-07 
.4573E-07 -- .6687E-07 
.6687C-O7 -- .9779C-O7 
.‘:779E-O7 -- - 1 4 3  0 E-06 
.143OE-05 -- .20 91E-06 
.2091E-O5 -- .3  0 5 8E-06 
.305&E-06 -- .4 47 22-0 6 
.4472E-06 -- .654OE-O6 
,654OE-06 -- .9 56 d E-06 
.9554E-06 -- .13 998-05 
.1399E-05 -- .2045E-05 
.2G45E-05 -- .2991E-05 
.2991E-05 -- .4373E-05 
.4373E-G5 -- .6 3 96E-05 
.6395E-05 -- .9352E-05 
.9 3 52 E-0 5 -- .136 &E-04 
.1368E-04 -- .2000E-04 

TOTAL (KG/E4**3) 
TOTAL ( K G )  

CEILING ( K G )  
VERTICAL WALLS ( K G )  
FLOOR ( R G )  
TOTAL (RG) 
CUMULATIVE ( K G )  

SECTION 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 

TIElE = 

,100OC-07 -- .146 2E-07 
.1462C-07 -- .2130E-07 
.2138E-O7 -- . 3  137s-07  
.3127E-07 -- .45 7 3 E-07 
.4573E-07 -- .6607E-07 
.6687E-07 -- .977 3E-07 
.9779E-07 -- .14 3 OE-06 
,1430E-06 -- .2091E-O6 
.2091E-06 -- ,3058E-06 
,3058E-06 -- .4472E-06 
.4472E-06 -- .65402-06 
.6540E-06 -- .9564E-06 
.9564E-06 -- .13  99E-05 
.1399E-05 -- .2045C-05 
.2045E-05 -- .2991E-05 
.2991E-05 -- .4 37 3 E-05 
.4373E-05 -- .6 3 96 E-05 
.6396E-05 -- .9352E-05 
.9352E-05 -- .1368E-04 
.1368E-O4 -- .2000E-04 

TOTAL 

DIAMETER RANGE (P) 

1 

.3 87 3E-12 

.2382E-09 

.1195 E-07 

.13  57 E-06 

.3  57 5E-06 . 1 8 89 E-06 

.2019E-07 

.5371E-09 

.4 5 61E-11 

.1606E-13 

.254 9 E-1 5 

.30373-16 

.3 973E-17 
- 5  20 5E-18 
.6 6 9 1  E - 1  9 
.8184E-20 
.8966E-21 
.7 7 50E-22 
.403GE-23 
.7 1 5 1  E-06 
.2045E-05 

0. 
2 

.3  257 E-0 8 

.8739E-09 

.2131E-09 

.146 1E-0 8 

.913 8E-0 8 

.1600E-07 

.63  87 E-0 8 

.5 4 55E-09 

.117 4 E - 1  0 

.8077E-13 

.2072E-15 

.3360E-18 

.7762E-20 

.46 81E-21 

.2 866 E-2 2 

.17 24 E-23 

.9 87 1E-25 

.5068E-26 

.2059E-27 

.50 890-29 

.3789E-07 

.1084E-06 

, 2 0 0 0  C+ 03 SECONDS 
I: G/ I ! * * 3 RU FIB ER/b! * * 3 

.6671E-O8 , 7 6 0 1 E t 1 3  

.17 91E-0 8 . 6 5 2 6 E t 1 2  

.G7 57E-09 .7 8 7 3 c + 1 1  

.14 9 7 E- 0 7 . 5 5 7 7 E t 1 2  

.1546E-06 .184 2 E t 1 3  

.3 907E-06 ,1489 E+13 
,2022E-06 .2 46 3 E+12 
.213?Y-07 .8307Et10  

..5615E-09 .6 9 9 6 C t 0  8 
.47 23E-11 .1884E+06 
.1649E-13 .2101 E t  03 
.25  55 E-1  5 . 1 0 4 1 E t 0 1  
.3  03 9 E-16 .3 95 3 E-01 
.3974C-17 .1655E-02 
.520 5E-18 .6 93  4E-04 
.6 6 9 1E-19 .2 85  OE-05 
.818Q E- 20 .1115E-06 
.8966E-21 .3906E-08 
.7 7 50E-22 .10 80E-0 9 
.4 036 E-23 .1798E-11 
.7935E-06 .12  4 8E+14 

COMPOMENT (KG/M**3 1 . .  
3 

.1448E-08 
,3834E-03 
.9  47 3 E - 1  0 
.6 4 93E-09 
.4062E-08 
.7 11 1 E-0 8 
.2  839E-0 8 
.2424E-09 
.5219E-11 
.3  59 OE-13 
.9 210E-16 
.149 3 E-1 8 
.3 4 5 OE-20 
.2080E-21 
.127 4E-22 
.7 661E-24 
.4 3 87 E-25 
.2253E-26 
- 9  153E-2 8 
.2262E-29 
.16 84 E-07 
.4816E-07 

4 
.8143E-09 
- 2 1  85E-09 
.5329E-10 
.3652E-09 
.2285E-08 
.4  0 0 0 E-0 8 
,1597 E-08 
,1364E-09 
.2936E-11 
.2019E-13 
.5181E-16 
.8401E-19 
.1941E-20 
.1170E-21 
.7 1 6  5E-23 
.4 3 0 9E-24 
.246CE-25 
.1267 E-26 
.5148E-28 
.1272E-29 
.9472E-08 
.2709E-07 

KG 
.190eE-07 
.5122E-08 
.1933 E-0 8 
.4 2 81E-07 
.4 4 23 E-06 
.111.7E-O5 
.5783E-06 
.6 0 9 CE-07 
.16 06 E-08 
.1353E-10 
.47 1 6  E-1 3 
.7 3 09E-15 
.86 9 1E-16 
.1137E-16 
.14 89 E-17 
.1914E-18 
.2341E-19 
.2564E-20 
-2217E-21 
.1154B-22 
.2270B-05 

5 
.5212E-09 
.1398E-09 
.3  410E-10 
.2 3 37 E-0 9 
.146  2E-08 
.2  56 OE-0 8 
.1022E-08 
.8728E-10 
.1879E-11 
.1292E-13 
.3  3 1 6  E-16 
.5376E-19 
.1242E-20 
.7489E-22 

.275&E-24 

.157 9 E-25 

.8109E-27 

.3295E-28 

.8142E-30 

.6 06 2E-0 8 

.17 3 4E-07 

. 4 5 ~ 5 ~ - 2 3  

6 
.3  6 1 9  E-03 
.97 1OE-10 
.2368E-10 
.16 23E-09 
. l o 1  5 E-0 8 
,177  8E-08 
.7097E-09 
.6061E-lO 
.13 0 5 E-1 1 
.8975E-14 
.2303E-16 
- 3 7  3 4E-19 
.8625E-21 
.5201E-22 
,3184E-23 
.1915E-24 
.1097E-25 
.5 6 31E-27 
.2288E-28 
.5 6 54 E-3 0 
.4 2 1  0 E-0 8 
.120 4 E-07 

TOTAL DEPOSITED MASS = .2673E-06 KG CUPIULATIVE = .6022E-06 KG 
.5 0 03E-07 - 6  96 5E-0 8 .3 096 E-0 8 .17 41E-0 8 .1114E-0 8 - 7 7 3  9E-0 9 
. l o 7  5E-06 .1492E-07 .653 2E-0 8 .373  OE-0 8 .23 87 E-0 8 .16 5 BE-0 8 
.5040E-07 -6978E-08 .3102E-08 .1745E-08 .1117E-08 .7754E-09 
.2079E-06 .2 886 E-07 .12 83 E-07 .7 216E-08 .4618E-08 .3207E-08 
.5308E-06 .3 464E-07 .153  9E-07 .86 59E-08 .5542E-OP .3849E-08 

7 
.26 59 E-0 9 
.713 4E-10 
.17 40E-10 
.1193E-09 
,7460E-09 
.13 06 E-0 8 
.5214E-09 
.44 5 3  E-10 
.9 5 86E-12 
.6  594 E-1 4 
.16 9 2E-16 
.27 43  E-19 
.6 3 37 E-21 
.3 8 2 1  E-22 
.2340E-23 
,1407E-24 
.8058E-26 
.4137E-27 
.16 81E-28 
.4154E-30 
.3  0 9 3  E-0 8 
.8 8 4  6 E-0 8 

.5686E-O9 

. 1 2 1  BE-0 8 

.5 6 97 E-09 

.2 3 56 E-0 8 

.2828E-08 

8 
.2 5 85  E-1 1 
.14 37 E - 1 1  
.115  8 E - 1 1  
.2619E-10 
.2071E-09 
.4241E-09 
.1876 E-09 
.17 3 1E-10 
.3  99 8E-12 
.2944E-14 
.8071E-17 
,1436 E-19 
.3  56 5E-21 
.2186E-22 
.13 54E-23 
.8205E-25 
.4723E-26 
.2432E-27 
.9 886  E-29 
.2432E-30 
.8678E-09 
.2482E-08 

.7 283E-10 

.1564E-09 

.7 3 3 5E-10 

.3026E-09 

.5577E-09 
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A P P E N D I X  A 

TABLE A. I 

COAGULATION C O E F F I C I E N T  

Mechanisms B ( m 3 / s )  

Brownian (4, 6, 8 )  = 2 r r ( P i t D . )  ( y i D i + y . D . ) / F  
7 3 3  

I). = kT [ 1+Kni(1.37 +0.4exp(-1.1/Kni))l 
1 3 7 r D . q ~  i i  

- = 4 vi+vj 2 2  
V i  , j  

Kn = 2X/Di i 
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TABLE A. I (Continued) 

B (m3/s) Mechanism 

Gravitational (4) 

Turbulent (4 I 9 )  

'i = l+Kni [l. 37 + 0.4exp (-1. l/Kni)] 

2 
Di 

(Di+D . I  2 
E =  

7 

1/4 3/4 

(Y.D.+Y.D,) ET 0 . 0 4 0 2 9 ~  
- - 

= =  3 3  5/4  
rl 

'T2 

1 x2 I 
Ci = l+Kni [l. 37 + 0.4exp (-l.l/Kn. 1 )] 

Kni = 2h/Di 

46 



TABLE A.l (continued) 

Notation 

D = particle diameter (m) 

g = gravitational constant (rn s ) 

k = Boltzmann's constant (J OK-') 

-2 

m = particle mass (kg) 

T = absolute temperature ( O K )  

Y =  

E =  T 

r l =  

A =  

v =  

x =  

agglomeration shape factor 

turbulent energy dissipation rate 

gas viscosity (kg mml s-l) 

mean free path (m) 

kinematic viscosity (m2 s ) 

gas density (kg m ) 

particle density (kg m-3) 

dynamic shape factor 

(m2 s - ~ )  

-1 

- 3  
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TABLE A. I1 

DEPOSITION MECHANISMS ( 4 ,  10,  11, 12) 

Mec han i sm S ( S - 5  

Thermophoresis 

Gravity 

Diffusion 

chamber V 

3qC (ctKn+kf/ks) VT 
u =  2xp T (1+3cmKn) (1+2ctKn+2kf/ks) 

g 

C = 1+Kn[1.37 + 0.4exp(-l.l/Kn)] 

Kn = 2X/D 

chamber V 

DAwall 
'c harnbe r A 

s = -  
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TABLE A. I1 (continued) 

Notation 

2 A = surface area (m 1 

= first order slip correction factor ‘m 

= a constant associated with the thermal accommodation 
coefficient t C 

D = particle diameter (m) 

P = particle diffusivity (m s ) 

g = gravitational constant (m s 1 

kf/ks = thermal conductivity of gas over that for particle 

2 -1 

-2 

T = absolute temperature ( O K )  

VT = wall temperature gradient (QK m-l) 

V = volume (m 1 

A 

rl = gas viscosity (kg m 

x = mean free path (m) 

3 

= diffusion boundary layer thickness 

-1 s-l) 

= gas density (kg m m 3 )  

= particle density (kg m-3) 

pg 

pP 

X = dynamic shape factor 

4 9  



TABLE A . 1 1 1  

GROWTH RATE 

Mechanism G ( S - 5  

Diffusion ( 7 )  

Kn = 2X/D 
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APPENDIX B 

Array Dimensions 

Array dimensions can be determined from the number of 

sections M, and the number of components KCOMP, as given below. 

The array dimensions must be at least as large a s  given below. 

Array dimensions not given below should not be altered. Note that 

if M or KCOMP are increased from 20 and 8 respectively, lines 7, 

10, 12, 15, 17 and 20, in the subroutine CHECK must be changed to 

check for the new maximum values of M and KCOMP. 

Routine Dimensions 

MAIN Q (M*KCOMP) ,SRATE (M*KCOMP) ,DEPSIT (3 ,KCOMP) ,DIAM (M+1) 

PRAERO 

PPLOT 

MAEROS Q (M*KCOMP) ,SRATE (M*KCOMP) , 
WORK (3+6*M*KCOMP) ,QTSTRT (KCOMP) , 
QTFNSH (KCOMP) ,DIAM(M+1) ,V(M+1) 

COEF V(M+1) ,X (M+I) ,DEL (M) 

DIFFUN QT (MI 

CHECK Q (M*KCOMP) ,SRATE (M*KCOMP) ,DEPSIT (3 ,KCOMP) ,DIAM (M+1) ,V (M+l) 

51 

QT (M) ,CUMDEP (KCOMP) ,QTN (M) ,V(M+1) 

NX (M+1) ,NY (M) 



Common Block 

AVGCOF 

DBLK 

Dimensions 

COEFAV(2*M*M+4*M),SRATE(M*KCOMP) 

CT 1P 1 ,CT 1P2 ,CT2P 1 

2*M*M+4*M. 

and CT2P2 

5 2  

are to be dimensioned 
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