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The the o ret i cal meth ods of chem i cal en gi neer ing for mod el ing and sim u la tion of in dus trial
pro cesses are sur veyed in this book. On this ba sis it is pos si ble to for mu late cor rect ex per i men tal con -
di tions and to un der stand cor rectly the ex per i men tal re sults.

The con tin u ous me dia ap proach is used for mod el ing sim ple pro cesses such as hy dro dy -
namic pro cesses, mass trans fer pro cesses, and heat trans fer pro cesses. The the ory of sca lar, vec tor, and
ten sor fields per mits one to cre ate the ba sic equa tions and bound ary con di tions. Prob lems of rhe ol ogy,
tur bu lence, tur bu lent dif fu sion, and tur bu lent mass trans fer are ex am ined too.

The chem i cal pro cesses and ad sorp tion mod els and es pe cially the stoichiometry, re ac tion
mech a nism, re ac tion route, ki net ics of sim ple and com plex chem i cal re ac tions, phys i cal and chem i -
cal ad sorp tion, and het er o ge neous re ac tions are dis cussed.

Dif fer ent types of com plex pro cess mod els are pre sented de pend ing on the pro cess mech a -
nism. The re la tion be tween the mech a nism and the math e mat i cal de scrip tion is shown in the case of
phys i cal ab sorp tion. Char ac ter is tic scales, gen er al ized vari ables, and dimensionless pa ram e ters are
used for anal y sis of the pro cess mech a nism. Full in for ma -
tion about this mech a nism per mits the cre ation of the o ret i -
cal mod els. Mass trans fer in film flows is an ex am ple of
such mod els, where the ef fects of a chem i cal re ac tion and
gas mo tion and ab sorp tion of slightly and highly sol u ble
gases are con sid ered.

The very com pli cated hy dro dy namic be hav ior in col -
umn ap pa ra tuses is a rea son for us ing dif fu sion-type mod -
els in the cases of mass trans fer with a chem i cal re ac tion
and interphase mass trans fer. An av er age con cen tra tion
model of an air lift re ac tor is pre sented.

Sim i lar ity the ory mod els are dem on strated in the case of 
ab sorp tion in packed-bed col umns. Gen er al ized
(dimensionless) vari ables and gen er al ized in di vid ual cases
are used for for mu la tion of the sim i lar ity con di tions and
sim i lar ity cri te ria. The di men sion anal y sis, math e mat i cal
struc ture of the mod els, and some er rors in cri te ria mod els
are dis cussed.

Re gres sion mod els are pre ferred when there is com -
plete ab sence of in for ma tion about the pro cess mech a nism
and the least-squares method is used for pa ram e ter iden ti fi -
ca tion. 
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A the o ret i cal anal y sis of mod els of the mass trans fer the o ries is pre sented in the cases of
lin ear and non-lin ear mass trans fer. The model the o ries, bound ary layer the ory, mass trans fer in
countercurrent flows, in flu ence of the in ten sive mass trans fer on the hy dro dy nam ics, bound ary con -
di tions of the non-lin ear mass trans fer prob lem, non-lin ear mass trans fer in the bound ary layer, and
the Marangoni ef fect are ex am ined.

A qual i ta tive the o ret i cal anal y sis is pre sented as a gen er al ized anal y sis. The use of gen er al -
ized vari ables per mits the anal y sis of the mod els of mass trans fer with a chem i cal re ac tion, non-sta tion -
ary pro cesses, and sta tion ary pro cesses and the ef fect of the chem i cal re ac tion rate.

The gen er al ized anal y sis per mits the anal y sis of the mech a nism of gas-liq uid chem i cal re -
ac tions in the cases of ir re vers ible chem i cal re ac tions, ho mog e nous cat a lytic re ac tions, and re vers ible 
chem i cal re ac tions and the re la tion ships be tween the chem i cal and phys i cal equi lib ria dur ing ab sorp -
tion.

A com par a tive qual i ta tive anal y sis for pro cess mech a nism iden ti fi ca tion is pre sented in the 
cases of dif fer ent non-lin ear ef fects, non-sta tion ary ab sorp tion mech a nisms, and non-sta tion ary
evap o ra tion ki net ics.

A quan ti ta tive the o ret i cal anal y sis is pre sented for so lu tion of the scale-up prob lems and
sta tis ti cal anal y sis of the mod els. The sim i lar ity and scale-up, scale ef fect and scale ef fect mod el ing,
scale-up the ory and hy dro dy namic mod el ing, and scale ef fect and scale-up of col umn ap pa ra tuses are 
dis cussed. The sta tis ti cal anal y sis ranges over ba sic terms, sta tis ti cal treat ment of ex per i men tal data,
test ing of hy poth e ses, sig nif i cance of pa ram e ters, and model ad e quacy of dif fer ent types of mod els.

The sta bil ity anal y sis of the mod els ex am ines the gen eral the ory of sta bil ity (evo lu tion
equa tions, bi fur ca tion the ory), hy dro dy namic sta bil ity (fun da men tal equa tions, power the ory, lin ear
the ory, sta bil ity, bi fur ca tions, and tur bu lence), the Orr-Sommerfeld equa tion (par al lel flows, al most
par al lel flows, lin ear sta bil ity, and non-lin ear mass trans fer), and self-or ga niz ing dissipative struc -
tures (interphase heat and mass trans fer be tween gas-liq uid im mov able lay ers, Oberbeck-Boussinesq 
equa tions, gas ab sorp tion, and liq uid evap o ra tion).

The cal cu la tion prob lems in chem i cal en gi neer ing the ory are re lated to the so lu tions of dif -
fer en tial equa tions and iden ti fi ca tion of the model pa ram e ters (es ti ma tion). Dif fer ent an a lyt i cal
meth ods, such as the sim i lar ity vari ables method, Green’s func tions, Laplace trans forms, the
Sturm-Liouville prob lem, the eigenvalue prob lem, and per tur ba tion meth ods, are pre sented. Nu mer i -
cal meth ods (fi nite dif fer ences method, fi nite el e ments method) are ex am ined on the ba sis of com -
mer cial soft ware. It er a tive so lu tion meth ods are con sid ered too.

Pa ram e ter es ti ma tion meth ods are dis cussed in the case of in cor rect (ill-posed) in verse
prob lems. An it er a tive method for pa ram e ter iden ti fi ca tion is pre sented for so lu tion of cor rect, in cor -
rect, and es sen tially in cor rect prob lems. The op ti mi za tion meth ods are ex am ined as a ba sis of the
least squares func tion minimization.

Mod els of chem i cal plant sys tems are pre sented as a set of pro cess mod els and the re la tions
be tween them. An al go rithm for sim u la tion of chem i cal plants is pro posed. The meth ods of op ti mal
syn the sis of chem i cal plants are con sid ered in the case of op ti mal syn the sis of heat re cu per a tion sys -
tems. The ren o va tion of chem i cal plants is for mu lated as a math e mat i cal model. The main prob lems
are the ren o va tion by op ti mal syn the sis, ren o va tion by in tro duc tion of new equip ment, and ren o va -
tion by in tro duc tion of new pro cesses.

Ex am ples from the au thor’s in ves ti ga tions are pre sented at the end of all chap ters.
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