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Continuum field control model of a street canyon is considered. The six separate monocri-
terial optimal control problems consist of minimization of functionals of the total travel time,
of global emissions of pollutants, and of global concentrations of pollutants, both in the studied
street canyon, and in its two nearest neighbour substitute canyons, respectively. The six opti-
mization problems for the functionals are solved numerically. General traffic control issues are
inferred. The discretization method, comparison with experiment, mathematical issues, and
programming issues, are presented.

1. INTRODUCTION

The present article is a continuation of [1]. The notation of [1] will be used.
Now, we will solve numerically six separate monocriterial optimization problems
01-06. We assumed the data from real street canyon of the Krasinski Avenue in
Cracow [2]. We solve the set of nonlinear partial differential equations E1-E8 with
given boundary B0-B8, and the initial conditions C0-C8, and sources D0-D2, by
the finite difference method, using the C language programme written by the
author. We solve this set in the cuboid €2, starting from initial conditions, and
we iterate it over the time period using the direct finite difference method taking
into account the boundary B0-B8 conditions, and the sources D0-D2, and initial
conditions C0-C8, at each time step. The functionals in F1-F6 are iterated with
the same steps as the equations E1-E8 are iterated. The first time derivative
is approximated by the first differential quotient using forward two-point first
difference in the direction of time coordinate, whereas the spatial first derivatives
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are approximated by the first differential quotients using central three-point first
differences in the directions of spatial coordinates. In general, the numerical
results are in good agreement with the measured data from [2].

2. GENERAL TRAFFIC MANAGEMENT INFERENCES

On the basis of the performed simulations, we deduce the traffic management
inferences. In general, some vehicular traffic and hydrodynamical parameters
influence the solutions of optimization problems 01-06, but not all of them.

R1. The direction of velocity of air mixture is important. The optimal
pollutant concentrations for both the single canyon and the canyon with its two
substitute nearest neighbour canyons, 03, 06, are the lowest ones if the velocity
components of the boundary and the initial value problems are equal to zero;
further, they are grater if the velocity has only nonzero vertical component v;
then, they are greater if velocity has only nonzero z-component vg; further, they
are again greater if the velocity has two nonzero components (0,vy,v,); next,
they are again greater if the velocity has three nonzero components (vz, vy, 2);
finally, they are the greatest if the velocity has only nonzero y-component vy
(compare Tables 1, 2). From Tables 1, 2, we infer that in case R1.6, the optimal

Table 1. Optimal solutions of problems 03, 06, for different velocities of mixture at
temperature TH = 293.16 [K].

[ CASE R1.1 | R1.2 | R1.3 | R1.4 |

UNIFORM 0 0 0 0
yL [m] 0 0 0 0

yR [m] 0 0 0 0
VX [B] 1 0 0 0
VY [&] 0 1 0 1
vz [ 0 0 1 1
LON 1 1 1 1
RON 1 1 1 1

Cic sl | 4500000e+01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
Cjcls] | 6.000000e+01 | 6.000000e-+01 | 6.000000e+01 | 6.000000e+01
gic[s] | 1.000000e+01 | 1.000000e+01 | 1.000000e+01 | 1.000000e-+01
gic[s] | 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e-01
Fg ls) 0.000000e--00 | 0.000000e--00 | 0.000000e+00 | 0.000000e-+00
J& [kgs] | 8.017253¢+05 | 1.342831e+06 | 7.515981e+05 | 1.301977¢+06

Cr Cext [s| | 3.000000e+01 | 3.000000e+01 3.000000e+01 | 3.000000e+01
C3 cext [S] | 4.500000e+01 | 4.500000e+01 3.000000e+01 | 4.500000e+01
95 Cext [s] | 1.000000e-+01 | 1.000000e+01 1.000000e+01 | 1.000000e+01
95 Coext [S] | 2.500000e+-01 | 2.500000e+01 | 2.500000e+01 2.500000e+01
F& ext [8] 0.000000e+00 | 0.000000e+00 | 0.000000e4-00 | 0.000000e+00
JG oxt, [kgs] | 8.027054e+05 | 1.343811e+06 7.525782e+05 | 1.302958e+06
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green time g ¢ is different from other cases. It means that velocity of the mixture
influences optimal vectors of control. The values of traffic parameters for Tables 1,
2, are given in Table 3, and the parameters of simulation are presented in Table 4.

Table 2. Optimal solutions of problems 03, 06, for different velocities of mixture at
temperature TH = 293.16 [K] (continuation of Table 1).

[ CASE I R1.5 l R1.6 ]
UNIFORM 0 0
yL [m] 0 0
yR [m] 0 0
Wikl | o i
vz [ 0 1
LON 1 1
RON 1 1
Cl',c [S] 4.500000e+01 | 4.500000e+01
Cicls] | 6.000000e+01 | 6.000000e-+01
gic[sl | 1.000000e+01 | 1.000000e+01
gio s | 4.000000e+01 | 3.250000e+01
F5[s] | 0.000000e+00 | 0.000000e-+-00
J5 [hgs] | 7.515922e-+05 | 1.332875¢-+06
C: coe 5] | 3.000000e+01 | 3.000000e-+01
Cj.con [s] | 4.500000e+01 | 4.500000e+01
9} Goexs 5] | 1.000000e+01 | 1.000000e-01
03 crext 5] | 2.500000e+01 | 2.500000e-+01
F&oe [s] | 0.000000+00 | 0.000000e-+00
T kg 5] | 7.525723¢+05 | 1.333855¢+06

Table 3. Values of maximum free flow speed, jam, saturation, threshold, green, and red
vehicular densities for VT = 4 types of vehicles for UNIFORM = 0 for Tables 1, 2, 5, 6.

| vt

o

vt sat [

kut threshold [

kvt,RED

o

kvt,GREEN [%]

[¥eh)

3

4.891500e—02
2.717500e—02
1.500000e—02
3.000000e—-03

5.869800e—02
3.261000e—02
1.800000e—02
3.600000e—03

6.848100e—02
3.804500e—02
2.100000e—02
4.200000e—03

2 3 4
Wot,s (2] 6.705500e+00 | 8.046600e+00 | 9.387700e-+00 | 1.072880e+01
Rl [",';h] 5.435000e—02 | 6.522000e—02 | 7.609000e—02 | 8.696000e—02

7.826400e—02
4.348000e—02
2.400000e—-02
4.800000e—03

R2. The optimal values for cases 01, 04, for cases 02, 05, and for cases 03,
06, decrease with “uniformization” of the vehicles, when we pass from nonuniform
vehicles UNIFORM = 0 to uniform ones UNIFORM = 1. It is a result of
reduction of the number of vehicles moving in the canyon. For UNIFORM = 1
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the values of maximum free flow speed, jam, saturation, threshold, green, and
red densities reach the minimal values [3].

Table 4. Values of simulation parameters for Tables 1, 2, 5, 6, and for CASE = R9.1 of

Table 7.

VT 4

nL 2

TR 2

CT =Ng -1 3
a [m] 4.680000e-+02
b [m] 4.400000e+01
¢ [m] 2.000000e+01
Ts [s] 6.000000e+01
0z [m] 4.680000e-+01
8, [m] 8.800000e+-00
8. [m] 4.000000e+00
8¢ [s] 4.800000e-+00
éc, [s] 1.500000e+-01
de, [s] 1.500000e+01
8y, [s] 7.500000e+-00
g ] 7.500000e+-00
Or [s] 7.500000e+00
C1,min [s] 3.000000e-+01
C2,min 3] 3.000000e+01
C1,min [s] 1.000000e+01
C2,min [8] 1.000000e+-01
Fain-[s] 0.000000e+00
C1,max [s] 6.000000e-+01
C2,max [8] 6.000000e-+01
g1,0rth [8] 1.500000e+01
g2,0rth [8] 1.500000e+01

R3. The long vehicular queues decrease the total travel times 01, 04, and
they increase both the optimal emissions 02, 05, and optimal concentrations of
pollutants 03, 06 [3]. The decrement of total travel times 01, 04, with long
vehicular queues is a result of clustering of the vehicles.

R4. The constant of temperature scale TH does not differentiate the values
of optimal concentrations of pollutants 03, 06 in the temperature range near
standard temperature and pressure STP conditions. However, it diminishes them
even hundredfold for very high temperatures (compare Table 5). The values
of traffic parameters for Table [5] are given in Table 3, and the parameters of
simulation are presented in Table 4.
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Table 5. Optimal solutions of problems 01, 02, 03, 04, 05, 06, with different temperature

scales TH.
[ CASE | R4.1 | R4.2 ] R4.3 | R4.4 |
| TH [K] [ 293.16 | 273.16 ] 1.000000e+10 | 1.000000e+08 ]
UNIFORM 0 0 0 0
yL [m] 0 0 0 0
yR [m] 0 0 0 0
VX [3] 1 1 1 1
LON 1 1 1 1
RON 1 1 1 1
Clrrr [s] 6.000000e+01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
C3 rrr [s] 6.000000e+01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
91,17 [8] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
g5, [s] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
Firr [s] 0.000000e+-00 | 0.000000e+00 | 0.000000e+00 | 0.000000e+00
Jior [veh- s] 1.039254e+05 | 1.039254e+05 | 1.039254e+05 | 1.039254e+-05
Cie ls] 4.500000e+-01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
Csr [s] 6.000000e+-01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
9 ls] 1.000000e+01 | 1.000000e+01 | 1.000000e+01 | 1.000000e+01
95,5 [s] 3.250000e+01 | 3.250000e+01 | 3.250000e+01 | 3.250000e+01
Fg [s] 0.000000e+00 | 0.000000e+00 | 0.000000e+00 | 0.000000e+00
Jg [kg] 7.434836e—01 | 7.434836e—01 | 7.434836e—01 | 7.434836e—01
Ciclsl 4.500000e+-01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
Csc [s] 6.000000e+01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
91,c ls] 1.000000e+-01 | 1.000000e+01 | 1.000000e+-01 | 1.000000e+01
95.c [s] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
F¢ [s] 0.000000e+00 | 0.000000e+00 | 0.000000e+00 | 0.000000e+00
J& [kg: s] 8.017253e+05 | 8.017253e+05 | 1.375833e+03 | 7.068254e+05
Cl 117 ext 8] 6.000000e+-01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
C3. T, ext [S] 6.000000e+01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
91,7TT,ext [S] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
93, TTT,ext [S] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
Fipp ext [8] 0.000000e+-00 | 0.000000e+00 | 0.000000e+00 | 0.000000e-+00
JTrT,ext [veh: s8] | 1.510210e+05 | 1.510210e+05 | 1.510210e+05 | 1.510210e+05
Cl g ext [5] 3.000000e+01 | 3.000000e+01 | 3.000000e+01 | 3.000000e+01
C3 B ext [5] 4.500000e+01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
91,E,ext [] 1.000000e+-01 | 1.000000e+01 | 1.000000e+01 | 1.000000e+01
93,E,ext [S] 2.500000e+-01 | 2.500000e+01 | 2.500000e+01 | 2.500000e-+01
Fg exs [5] 0.000000e+00 | 0.000000e+01 | 0.000000e+00 | 0.000000e+01 |,
JE ext [kg] 2.956799¢+00 | 2.956799e+00 | 2.956799e+00 | 2.956799e-+00
Cl.cext [8] 3.000000e+-01 | 3.000000e+01 | 3.000000e+01 | 3.000000e+01
C3 .0 ext 18] 4.500000e+01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
91,C,ext [] 1.000000e+01 | 1.000000e+01 | 1.000000e+01 | 1.000000e+01
95,C,ext [5] 2.500000e+01 | 2.500000e+01 | 2.500000e+01 | 2.500000e+01
FG ext [8] 0.000000e+-00 | 0.000000e+00 | 0.000000e+00 | 0.000000e+00
J3,ext [10°kg- s] | 8.027054e+05 | 8.027054e+05 | 2.355926e+03 | 7.078055e+05
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R5. The functional form of initial and boundary conditions affects the op-
tima. If they are constant, then optimal concentrations 03, 06, are two times
higher than in the case when they are changing exponentially in space in three di-
mensions (compare Table 6). The index FORM = CONSTANT corresponds to
constant initial and boundary conditions, whereas FORM = EXPONENTIAL
corresponds to the spatially exponentially changing initial and boundary con-
ditions. For the latter case, we chose the following functional form of initial

conditions: the temperature is equal to Tp(z,y, 2,t) = exp (-—EC— - % - E) TH,
a c

the only non-zero coordinates of velocities of mixture are the z-coordinates

and they are equal to vy o(z,y,2,t) = exp (—-Z— - = - —Z—) VX, the density is

po(z,y,2,t) = exp (—S - % - E) psTp- The boundary conditions B0-B8 are

similar. The values of traffic parameters for Table 6 are given in Table 3, and
the parameters of simulation are presented in Table 4.

R6. The presence of vehicles on both the left and right lanes is important.
The optimal total travel times and emissions are halved in absence of vehicles on
the left or right lanes when compared to situation when they circulate on both
the left and right lanes [3].

R7. The values of saturation, arrival, or jam vehicular density, and of vehic-
ular free flow velocities also affect the optima 01-06 [3].

R8. The assumption of energy conservation equation, of the thermodiffusion
effect, of the chemical potential and of the Grand Canonical ensemble, as well as of
influence of gravity on intrinsic energy and on the chemical potential, drastically
changes the optimal concentrations 03, 06, towards the measured ones |3, 4, 5].

R9. The value of time of simulation and of discretization in time considerably
affects the optima (compare Table 7 and [3]). The values of optimal solutions
01-06, increase from tenfold to hundredfold. Also the optimal vectors (5-tuples)
of control for 01-06, change their values. It is a result of cumulative effect of
length of the period of simulation T's on integral functionals F1-F6. The values of
traffic parameters for CASE = R9.1,R9.2, are given in Table 8. The parameters
of simulation for CASE = R9.1 are presented in Table 4, for CASE = R9.2 in
Table 9.

We use the following notation: yL = 0/yR = 0 means that the lengths of
all queues on the left/right lanes at the beginning were equal to zero, VX = 0 is
meant for zero initial and boundary velocity of mixture, while VX =1 is put for
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Table 6. Optimal solutions of problems 01, 02, 03, 04, 05, 06, with different initial and
boundary conditions for TH = 293.16 [K].

| CASE | R5.1 | R5.2 |
[ FORM | CONSTANT | EXPONENTIAL |
UNIFORM 0 0
yL [m] 0 0
yR [m] 0 0
VX 1 1
LON 1 1
RON 1 1
Crort | 6.000000e+01 | 6.000000e+01
Cs rrr [8] 6.000000e+-01 6.000000e+01
9t ) 4.000000e+01 | 4.000000e-+01
P 4.000000e+01 | 4.000000e+01
Fpor 8] 0.000000e+00 |  0.000000e-+-00
Jipr [veh- s| 1.039254e+05 1.039254e+-05
Cig s 4.500000e+-01 4.500000e+01
Csk [s] 6.000000e+01 6.000000e+01
ot e 8] 1.000000e+01 |  1.000000e-+01
g5k [s] 3.250000e+-01 3.250000e+01
Fy |s] 0.000000e+00 |  0.000000e-+00
Jg kgl 7.434836e—01 7.434836e—01
Cic s 4.500000e+-01 4.500000e-+01
C3c sl 6.000000e+-01 6.000000e+01
gic lsl 1.000000e+-01 | 1.000000e+01
g5.c [s] 4.000000e+-01 4.000000e+01
F¢& [s] 0.000000e+00 0.000000e+00
J5 [10°kg- 3] 8.017253 4.934016
Clrrrex [5] | 6.000000e+01 | 6.000000e+01
C3rrrext 5| | 6.000000e+01 | 6.000000e+01
91 TTT ext [5] 4.000000e+01 4.000000e-+01
G517 ext [] | 4.000000e+01 |  4.000000e-+01
Fiprox [s] | 0.000000e+00 |  0.000000e-+00
J3r.ex [veh- s] | 1.510210e+05 |  1.510210e+05
Clpex [8] | 3.000000e+01 | 3.000000e+01
Cipex [s] | 4.500000e+01 | 4.500000e+01
9} Bext 5] 1.000000e+01 | 1.000000e+01
95 .Bext [S] 2.500000e+-01 2.500000e+-01
Fg ext [8] 0.000000e+00 | 0.000000e+01
T3 exs [Kg] 2.956799e+00 |  2.956799e-+00
Ct cext [5] 3.000000e+01 3.000000e-+01
Cicoext [s] | 4.500000e+01 |  4.500000e+01
95 G.ext 18] 1.000000e-+01 | 1.000000e+01
95.C.ext 18] 2.500000e+-01 2.500000e+-01
F o [5] 0.000000e+00 | 0.000000e-+00
To.ons [10°kg- 5] | 8.027054 4.943817
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Table 7. Optimal solutions of problems 01, 02, 03, 04, 05, 06, with different times
of simulation T’s.

CASE R9.1 R9.2
Ts [s] 6.000000e+01 | 1.800000e-+03
UNIFORM 0 0
yL [m] 0 0
yR [m] 0 0
VX [2] 1 1
LON 1 1
RON 1 1
Cror |9 6.000000e+01 | 3.000000e-+01
Ot 8] 6.000000e+-01 | 3.000000e+01
9% orr sl 4.000000e+01 | 1.000000e+01
iy 2.500000e-+01 | 1.000000e-+01
Fior [8] 0.000000e--00 | 0.000000e+00
Jirr [veh: s] 4.352085e+04 | 6.250812e+-05
Ciz 9 4.500000e+01 | 1.425000e+02
Csk 8] 6.000000e+01 | 1.425000e-+02
g1 ls] 1.000000e+01 | 1.000000e+01
g Is] 4.000000e+01 | 4.750000e-+01
Fg [s] 7.5000000e+-00 | 9.375000e+01
Jg [kg] 5.617436e—02 | 1.947124e+01
Cic 9l 4.500000e+01 | 1.050000e-+02
Cic sl 6.000000e+01 | 1.425000e-+02
gl sl 1.000000e+01 | 1.000000e-+01
g sl 4.000000e+-01 | 1.000000e-+01
F4 [s] 0.000000e+00 | 0.000000e+00
J5 kg s] 8.017248¢+05 | 9.103424e+07
Ci rrro 18] | 6.000000e+01 | 3.000000e+01
Cjrrrex [s| | 4.500000e4+01 | 3.000000e+01
9T Toexs [] | 4.000000e+01 | 1.000000e-+01
g5 rrrex S| | 2:500000e+01 | 1.000000e-+01
Frorigeptsl 0.000000e+-00 | 0.000000e-+00
Jir7.e [veh: 5] | 5.080032e4+04 | 6.405641e+05
G ) 3.000000e+01 | 1.425000e+02
Chuua: bl 6.000000e+01 | 1.425000e-+02
o 1.000000e+01 | 1.000000e-+01
955 ext 5] 4.000000e+01 | 1.225000e+02
F e 8] 7.500000e+00 | 9.375000e-+01
T o [Ke] 2.197456e—01 | 2.120986e-+01
Cicont Bl 3.000000e+01 | 1.050000e+02
Cicent I8 | 6.000000e+01 | 6.750000e-+01
9% G.ext 8] 1.000000e+01 | 1.000000e-+01
9 cext 18] 4.000000e-+-01 | 1.000000e+01
Fé ot |8] 0.000000e-+00 | 1.875000e-+01
Jo .o [kg 5] | 8.027048e+05 | 9.103798e+07
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Table 8. Values of maximum free flow speed, jam, saturation, threshold, green, and red
vehicular densities for VT = 4 types of vehicles for UNIFORM = 0 for CASE = R9.1, R9.2,

of Table 7.
vt 1 | ) 3 4
Wyt f [%] 1.500000e+01 | 1.350000e+01 | 1.200000e+01 | 1.050000e+01

kvt.jam [%]

kut,sat [YI%}I_]

kvt,threshold [%]

kvt,GREEN [%]

kyvt,RED [%}

6.670000e—02
6.003000e—02
3.335000e—02
6.670000e—02
1.334000e—02

2.001000e—03
1.800900e—03
1.000500e—03
2.001000e—03
4.002000e—04

1.334000e—-03
1.200600e—03
6.670000e—04
1.334000e—03
2.668000e—04

6.670000e—04
6.003000e—04
3.335000e—04
6.670000e—04
1.334000e—04

Table 9. Values of simulation parameters for CASE = R9.2 of Table 7.

vT 4
nL 2
ngp 2
CT=Ng-1 3
a [m) 4.680000e-+02
b [m] 4.400000e+01
¢ [m] 2.000000e-+01
Ts [s] 1.800000e-+03
8 [m] 4.680000e-+01
8, [m] 8.800000e-+00
8 [m] 4.000000e-+00
8¢ [s] 1.800000e+01
dc, I8l 3.750000e-+01
8c, |s] 3.750000e-+-01
dg1 8] 1.875000e+01
8gs [8] 1.875000e-+01
8r [s] 1.875000e-+01
C1,min [s] 3.000000e+01
C2,min [s] 3.000000e+01
C1,min [s] 1.000000e+-01
C2,min [s] 1.000000e+-01
Frin [8] 0.000000e+00
C1,max [s] 1.500000e+-02
C2,max [s] 1.500000e+02
91,0rth [8] 1.500000e+-01
92,0rth [8] 1.500000e+01

the velocity of 1 [?] . The same holds for VY and VZ. If VX # 0, then the left

lanes are leeward and the right ones windward. If there are no vehicles on the
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left or right lanes, then LON = 0 or RON = 0, respectively. UNIFORM = 0
stands for non-homogeneous (different) values of maximum free flow speed wy, s,
jam Kyt jam, saturation Tc,,t,sat, threshold Kyt threshold; green ky¢GREeN, and red
kvt,RED, vehicular densities for VT' = 4 types of vehicles: passenger cars, 8-ton,
12-ton, and 16-ton trucks, where threshold vehicular densities kyt threshold are the
numerical values for which we assume in numerical simulations that there is a
vehicle on the given lane. We also assume that these values are the same for
both the left and right lanes. §,0dy,0,,0¢, are the steps in z,y, z,t, directions,
respectively. dc,,dq,,0C;,09,,0F, are the steps in C,g1,Co,92, F, directions,
respectively. In the boundary and initial conditions B0Oa, BOb, BOc, C0, we
assume that the temperature is equal to a given constant TH.

3. DISCRETIZATION SCHEME

In order to solve numerically the set of nonlinear partial differential equations
E1-E8, one uses the apparatus of finite differences. Firstly, we discretize the
points of domain ¥ in the standard way:

(31) ("E’yazat) = (wi,yjazkatl)a 1= 07"'1N1:a ]= Oa"'aNya
k=0a"'aNz’ l=0,"',Nt,

(32) Ti = To + i;,: (zN, — %),
(33) w = w0+ S5 ow, ~10),
(3.4) 2k = 20+ k];/.—zl(zzvz - 20),
(3.5) t =t + ;[t (tv, — to)-

Secondly, the value of given function f at point (z,y,z2,t) of its domain ¥ is
approximated by:

(3.6) Flo, yezd) = Fletie 2astt) Sdiga

Thirdly, the first finite differences in spatial and temporal directions:

1
(3.7) Azfijrl = '2'(fi+1,j,k,l = Jit1g.k)s
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1
(3.8) ADyfigeg = 5(fi,j+1,k,z oo 7 e 1
1
(3.9) A;figrs = §(fi,j,k+1,l = fijx-11),
(3.10) Difiika = Jigrasr = Figrbs

allow to approximate the first partial derivatives:
af(x,ya 2, t) % ; Aicfi,j,k,l

(3.11) a ATLLES s ,
(3.12) f(fﬂ,ai//, %) | yii;’,k,l,
(3.13) :f(ﬂ”g:z,t) & izﬁjk’l’
(3.14) f(””:??i’zat) o tﬁ’i’k,l'

Since the vector and scalar partial differential equations E1-E8 are of the following

form:

afa(x, y’ z’ t)
ot

afa(z’ y’ Z? t)

(3.15) -

= F® (-T,y,Z,t, fa(xayazat), ’
0% f2(m, 4:2,%)
0%, 0y,

Lo mun

hence we approximate them as follows:

Acfik

(3.16) =

B8,

—_— m Z’],k,l

= F (wiayj>zk,tl7ficjj,k,l1 T:
Tm

Az Aan 18
Az, Az, 5,5k, |

Hence, we can rewrite it in following forward scheme:

« a a a Ammfic}j,kyl
(3.17) fi,j,k,z+1=fi,j,k,l+At'F xiayjazkatl,fi,j,k,b T e !
Tm
AgmBan ik 18
Az, Az, YIagk0 ]

We give now the examples of dicretized equations. The discretization of
continuity equation E2 reads:
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At

(3.18)  piki+t = Pight = 5a-Vijkd (Pit1,gjet = Pin1ik)

At , At o
S Ayvi,j,k,l(pi,j+1,k,l — Pij—1,k1) — S 07 j k1 (Pig k41,0 — Pigik—1,)

Ts At
g Atgsi,j,k,t = oAg ikt (Pit 1kl = Pi-1k)

At At

% Q—A_y"i,j,k,t(ﬂt,ﬁl,k,t = Pij=10) = 5A—Pig kit (P11 = Pijk-11):

For the z-component of Navier-Stokes equation E1 we have:

At

T ooosa sl T X T
(3.19)  vfjku41 = Vijki— —2Axvi,j,k,l(vi+1,j,k,l = Vi 1k1)

cathy: (5 +
4AzAy

ot <§+

4Az Az

At At

e T ek g S T -
B Ayvz,J,k,l(vz,J-i-l,k,l vz,j—l,k,l) 2 Az”z,],k,l(vz,_g,k+1,l vz,],k—l,l)

Ts ik At T2
e ﬁsz‘,j,k,t = 5= BT 5 (Tit1ikt — Timv k)

At T2 T ik
e Tozg‘ﬁ(ﬂi%—l,j,k,l = Pi-1,j k1)

(5)2 Zisz Pi,;,k,l (VEra g0 — 205500 + 9 1500)

(AAyt)2 Z(?;g p,-,,l-,k,, (WF41k = 20+ Vi-10)

(AAth Zoz;sz Pi,Jl',k,l (U jer10 = 20800+ Vi je-1)

" (_Aéﬂvf)_2 ({ » g) gfi;@i(”fﬂmk,t = 207 k0 + V1 k)

g) Z_Z;,% ;;ﬂ{,cj(”f+l,j+1,k,l k. A5 A S Lok VIR S Lk SRR

T x " T
8 ) Vit1,5k+1,0 — Vid1,5k—1,0 — Vic1k+1,0 T 'Ui—-l,j,k—l,l)

Poc? pi gk,

T2
S At—g"a S

T

g
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Similarly for the y-component:

At
Y e e o Y -
(320) Wikt = Ykt~ gL Vhikt (Vi gkt~ U gkd)

At At
2Ay _] k, l( ij+1kl ”iy,j—1,k,t) = '——2Az”f,j,k,z(”f,j,k+1,l S Uf,j,k—l,z)
Ts oY k.l At T2
ar At;}- é’;’—k’lsi,j,k,l Ay T Ty =it 72 S (Tt — Tijm1,kd)
At T2 L
— =——=BTy-5 _hikd(, Lkl = Pij—1,k,l
2A b2 Pz,_], : ( 1,5+ ,J— )

A% 3815 5 MR )
Yy Yy Yy
(Vi1 — 20500 + Y1500

(A2)? poa? pi,jp
At 'I']TS 1 3 i

(Ay)? pob? p; j ki (vi’j“,k»l = 200 et TG 1)
At T’TS 1 3 3

(AZ)2 p0C2 p‘l] k.l (v‘i,j,k-}-]_,l o 2vi,j,k,l * vi’j’k_l,l)

At Ny -1
o Fra s pitont AT SRR e a0 S S
4A$Ay <£ 3) p0b2 pi’j,k,l( i+1,7+1,k,l v1,+1,] 13kl U'L 1,J+1,k,l+ 1—1,9 l,k,l)

At n\ nTs 1
bt . PSR e B o
Y (§ 3) pob? pmz( LR T Vi1l T Vim Lk Vi1 1k,0)

At n "7TS 1 T T T T
+4AyAz (f e 3) pare %(vi,j+l,k+1,l Vialik=13 T Vi1 k410 T Yigr1kn 1)

T2
+ A2 S,

Finally, for the z-component:

At
2 et 2 T Z 2
(3-21)  Vijkee1 = Vijet = Vi (Vi1 = Vim1gk0)



446 M. DURAS

fc?;ill) = %”{j,h,z(”iﬂl,k,t = 'Uf,j—l,k,l) e Zi_ivf,j,k,l(vf,j,k+1,l = Uf,j,k—l,l)
- % To— :;S fzjk (Pigk+14 — Pigk—11)

(fﬂvt)2 ;701;32 Pi,:,k,l (W1t = 208500 + Vi1 0)

(AAyt)2 ZZ;S?' Pi,Jl',k,l Uit = 2Vt F VL)

(AA:L)2 Z(?;i pi,,l',k,l (”f,j,k+1,z 2% 2vizﬂ',k,l + 'Uiz,j,k—l,l)

At n 'r]Ts 1
T T T T
4A 7 (§ = ) poc2 pig kl( i+1,5,k+1,0 — Vit1,5,k—1,0 — Vi-1,5,k+1,0 +Ui—1,j,k—1,z)

At n\ nTs ] = e . s
+ 1Ayhz (ﬁ + §) po_bf m('vz‘,]’+1,k+1,l —Vi,5,k—1,0 _'Ui,j,k+1,l+vi,j—1,lc—1,l)

At 'r]Ts 1 oF QOTS
@y (£+ 3> o0 prgy Chkert ~ By Vigam1g) + AEERG

4. METHOD OF COMPARISON

We briefly describe the method of comparison of the numerical results with
the experimental ones. The comparison of simulations with the measured data,
if authorized, is aimed at showing the correctness of the model (conservation of
the rank of simulated parameters), and of presenting the correct direction of de-
viations (the deviations always tend to secure the direction). We transform both
measurements and optima J¢ 03, in order to compare them. The measured pol-
lutant concentrations are multiplied by the volume of the canyon, and we obtain
pollutant masses (we assume that the measured concentrations are the same in
the entire canyon and in time). The pollutant masses are added up, assuming
HC mass to be equal to zero (HC were not measured in Ref. [2]). The calcu-
lated optima J¢ 03 are divided by time of simulation T's, giving approximation
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of pollutant masses in every moment of simulation (we assume that J& O3 are
homogeneous in time, in order to make possible the comparison with measure-
ments). Thence, we have two comparable magnitudes. Also, only insufficient
vehicular flow data are given in Ref. [2]. Neither the jam, saturation vehicular
densities, nor the maximum vehicular speeds are present. However, the initial
and boundary conditions of traffic flow B5-B8, C5-C8 are not constant functions
because they are parametrized by measured traffic parameters. The data are not
instantaneous, but they are measured in intervals of hours. Moreover, the mea-
sured data are not accompanied by measurements of wind velocity, temperature,
density. If the measurements had been performed instantly using more special-
ized equipment (e. g., lidar), and if they had been stored in computer facility,
then, it would be possible to make more serious comparisons. The simulations
were performed for the time period T = 60 [s], whereas the measurement were
averaged over the time period T = 1800 [s]. The integral functionals F3, F6, are
cumulative with respect to the time period.

5. COMPUTER SIMULATIONS

From thousands of performed optimizations 01-06 we selected some repre-
sentable optimizations. The C language programme of more than 14000 lines
written by the author was being run on workstations of Hewlett-Packard, Sun,
Silicon Graphics, under UNIX operating system. It was being run also on Pen-
tium personal computers under Linux operating system. We used C language
UNIX/Linux compilers cc. The time of simulations varied from a couple of
hours to several days or even weeks, depending on the discretization parameters.
The discretization steps were tested in order to obtain finite solutions to the op-
timization problems in reasonable time of simulation. They were also studied
from the point of view of sensitiveness of optima appearing on them.

6. MATHEMATICAL QUESTIONS

The problem of uniqueness of solutions of optimization problems 01-06 is
complex. If there are no vehicles allowed in the canyon, then all the six functionals
01-06 are constant functions of parameters, the optima exist, and the number of
optimal solutions is continuum. The values of functionals are then zero for total
travel time and emissions, and are positive for concentrations. These results
are analytical. For other cases there are no such analytical results for both
the uniqueness and existence known to the author. The numerical solutions
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of optimization problems are approximately global within the error induced by
discretization of the physical domain ¥ and of the domain of control parameters
UM The method of optimization was a full search.

7. CONCLUSIONS

The proecological traffic control idea and advanced model of the street canyon
have been developed. It has been found that the proposed model represents the
main features of complex air pollution phenomena.
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