)] DE GRUYTER
el OPEN

DOI: 10.1515/cdem-2015-0001 CHEM DIDACT ECOL METRQ015;20(1-2):7-18

Roman ZARZYCKI" and Katarzyna NAWROTEK

HOW FAR IS ENVIRONMENTAL ENGINEERING
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Abstract: The development of science, which has been oldeiverecent years, shows that engineering
knowledge and activity are becoming more and moterdisciplinary. Up to the late 80-ties of the yioais
century, the experience and interest of engineex@red mainly hard sciences that directly followtbeir
education. After this period, the engineering kremige and solutions proposed in one discipline exdtatd be
applied successfully in other domains. This tengetan be seen especially in Biomedical Engineenivigch
development is based on achievements made in shefrdnard sciences, even if they seem to be dandias
Environmental Engineering.
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Introduction

Engineering is defined as an activity that handlles application of scientific,
economic, social, and practical knowledge in otdedesign, build, maintain, and improve
the functioning of the wide variety of construcspmachines, devices, systems, materials,
and processes. In other words, the engineeringipeaallows using properties of matter,
energy, and abstract objects for the creation obtractions, machines, and products that
are being devoted to solve existing problems.

An engineer resolves problems that are necessdrg swmlved, but they are usually not
determined unambiguously at the beginning. Theegfecientists usually propose several
solutions and they estimate them with regard to theefulness, safety, and economy. Then,
on the grounds of obtained results, they chosesdhgion that fulfils assumed and desired
output requirements. The development of the apmtgpmathematical model is usually an
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essential work tool of engineers. The mathemativadlel allows analyzing and testing of
potential solutions while simultaneously savingdiend money.

Generally, there can be distinguished five majogimering disciplines: civil,
mechanical, electrical, chemical, and bioenginger{ifable 1). The process of their
progression was as follows: Civil Engineering came being based on the engineering
principles used by the military. Upon human deveiept and discoveries in mechanics
and electricity, Mechanical Engineering and Eleetlri Engineering emerged.
The above-mentioned disciplines are based on matiesnand physics. The industry’s
necessity for application of chemical reaction @andcesses in order to meet requirements
of the world’s growing population led to the progg®n of Chemical Engineering.
Chemical Engineering is built upon mathematics,sptyand chemistry. Currently, the fifth
‘traditional’ discipline in engineering is beingfieed - Bioengineering. It is predicted that
the next 100 years will be the century of biologgd therefore Bioengineering is based on
mathematics, physic, chemistry, and a basic uralatsig of biology and/or living systems.
Upon unlocking the secrets of very subtle mechasittrat regulate and control processes in
living organisms, the aim of Bioengineering will be apply engineering knowledge in
order to get the best advantage from technologicatesses involving the presence of
living organisms or to restore malfunctioning partshe living system. Nowadays, we are
withesses of the creation of numerous subsets adrigjineering: Bioprocess Engineering,
Biomedical Engineering, Tissue Engineering, justame but a few.

Table 1
Progression of ‘traditional’ disciplines in Engimieg
Discipline in Engineering Sciences
Civil Engineering

Mechanical Engineering Mathematics Physics

Electrical Engineering

Chemical Engineering Mathematics Physics Chemistry

Bioengineering Mathematics Physics Chemistry Biology

Modern solutions that are being applied by scientisorder to solve current problems
are based on interdisciplinary knowledge. Moreowgathematical functions and equations
used in one discipline can be easily transferrecriother one. For example Chemical
Engineering can benefit from solutions applied ineddanical Engineering, and
Bioengineering can profit from Chemical as welMechanical Engineering [1, 2].

In order to illustrate the usefulness of intergifioary approach to engineering
domains we will discuss solutions proposed in tweneplary subdomains. The first
subdomain will be a subdomain of Chemical EngimegriEnvironmental Engineering, and
the second one will be a subdomain of BioengingerirBiomedical Engineering. By
discussing theoretical similarities between bothinmdomains, we will try to answer the
following question: can we move over the same fonst and equations in Environmental
Engineering to Biomedical Engineering, and conwvese? And more generally, is it
possible to share and transfer the basic knowleggdied in one engineering domain to
another one?
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Engineering basis of Environmental Engineering and Biomedical
Engineering

The emergence of Environmental Engineering was ected with the rise
of environmental degradation caused by the humdikiractivity. Environmental
Engineering covers studies which are aimed at wtaieding and determining the influence
of economic activity on the natural resources. Mwsg, its goal is also to solve
environmental problems that are related to the ugiolh and degradation of the
environment.

The solutions proposed in Biomedical Engineering based on achievements of
medicine and engineering and have assisted intthggée against malfunctioning of the
human body by providing appropriate tools: biosesisbiomaterials, image processing, and
artificial intelligence, just to name but a few.

There are significant analogies between EnvironaieBhgineering and Biomedical
Engineering. The aim of both above-mentioned suladiesnis to solve problems with the
use of knowledge, experience, and intuition. Thpplya principles of mathematics and
physics in order to explain phenomena that occuthé natural environment and living
organisms, respectively. Moreover, both of themlamhemistry to study and describe
macroscopic behaviour of molecular structures aatkrials. From the engineering point of
view, we can distinguish the following common peabk that need to be considered and
solved in both subdomains:

1. fluid flow and processes of momentum, heat, andsreashange;

2. chemical and biochemical reactions;

3. processes occurring on the interphase surfaceliqgad; solid-liquid, gas-solid €g
adsorption, desorption, liquid evaporation).

The basis of theoretical consideration of the flfi@v (both laminar and turbulent)
concerning processes of momentum, heat, and mashamye are grounded on
phenomenological equations that describe mechanisfnstransport in particular
phenomena. These equations can be expressed witts¢hof the flux density in relation to
the appropriate kinematic coefficient and the geatliof the considered variable: velocity
for momentum exchange, temperature for heat ex&amsgd concentration of the
considered compound for mass exchange. Below,uh@afmental relationship describing
these phenomena will be discussed.

Beginning with the general form of the transporthanism (constitutive equations):

flux density = —kinematic coefficiengradient of variable (1)

The following relationships can be obtained:
1. Exchange of momentum (Newton’s equation):

T dy,
TR @

where: r - shear stress [Pa}; - fluid density [kgm™]; v - kinematic viscosity [fs™];
vy - fluid velocity in the direction of the x-axis [g']; x - variable [m].
2. Exchange of heat (Fourier's equation):
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— 3
C,0 dx @)

where:q - flux of heat flow [Wm™]; ¢, - heat capacity [ig™"K™]; « - heat diffusivity
[m?s; T - temperature [K].

3. Exchange of mass (Fick’s first law):

q —adT

dC
J,=-D A 4
A AB d)< ( )
where: J, - flux of componentA [kg:ms™]; Dag - diffusion coefficient [rfrs™]; Ca -
concentration of componeAt[kg-m .

In the case of turbulent flow the appropriate eiguat will be extended by the
appropriate kinematic coefficients taking into amgbturbulence of the flow: turbulent
kinematic viscosity, turbulent heat diffusivity, danturbulent diffusion coefficient,
respectively.

The above-mentioned equations describe the moveoifiéloid only in one dimension
(in this case along the x-axis). These consideciag be transferred to three-dimensional
system. Moreover, particular balances can be sofeedh differential volume element
(Fig. 1).

Fig. 1. Differential volume of the considered eleme

Differential balance equations will take the foliog forms, respectively:
Exchange of momentum - Navier-Stokes equation (gtba x-axis):
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dv, dv, dv, dv, _ 1dp . [d?,  d*, . d*,
+V,—* 4V, +v, =X- + >+ >+ (5)
dx dx dy dz o dx d dy? dZ

2. Exchange of heat (along the x-axis):
dr, . dr, . dr  dr_ A (dzT a7 dZT]

— Vv — 4V, —+y — = + +
dx *dx Vdy “dz cpldé dy dZ

3. Exchange of mass (along the x-axis):

2 2 2
dC, ., 9, 4G, dC,, _p [dC, , d°C, | dC, -
dx dx 7 dy dz ¢  dy d7

The appropriate criterion numbers and equationgridsg relationships between
them, which are used to calculate appropriate wierfits, will also be the same.

Further modelling of real processes occurring ithkthe environment and the living
organism needs to take into account all chemical biochemical reactions and phase
processes that may take place in the considerégeisys

Some examples of the use of above-mentioned eqsatio solve problems
in Environmental Engineering and Biomedical Engiimee will be shown in the next
subsection.

Solution of problems in Environmental Engineering and Biomedical
Engineering

The constitutive equations of fluid dynamics canulsed for describing fluid flow in
both Environmental Engineering and Biomedical Eagiing. The first domain elaborates
on modelling of flow in the natural environment aindndustrial apparatus. The examples
of solutions of these problems in Environmental iBegring are widely described in books
concerning them [3, 4]. Biomedical engineering usesstitutive relationships in order to
model flow phenomena that take place in the hunmybsuch as the flow of blood in
arteries, veins, and capillaries. Whereas the filowthe environment and industrial
apparatus seem to be relatively easy to modelptigeoccurring in human body is more
demanding. The modelling of flow in processes tghptace in Environmental Engineering
often concerns only the flow of substances whiampasition can be easily defined in place
and time. Moreover, the flow takes place in stiffladefined boundaries. The difficulty of
modelling of processes within the human body issediby the fact that the composition of
fluid and the structure of blood vessels are infbedl by the body’s local chemical and
physical factors. The composition of blood chanbeth with time and place as it flows
through vessels. Blood is a suspension of blools aelplasma. The components of blood
can interact with each other and with the wall &fodl vessels. In addition, very strong
turbulences in the profile of velocity in the aristhe current are observed during its flow.
They are caused by the presence of shear stremsiofeis minimal in the axis of the
current and grows linearly in the direction of tiwbe wall. This phenomenon causes the
Magnus effect. Blood cells are transported in thieation of the axis of the current. The
concentration of them is bigger in this region, ghdrefore, it disturbs the profile of
velocity. Moreover, the transport of blood celldlie axis of the current causes the creation
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of the layer of pure plasma, in which the laminiamfis predominant. The structure of
blood vessels also influences the flow. The megerial pressure is identical throughout the
body. Changes in blood current through individuedams are controlled intrinsically by

modifying the diameter of local arterioles supplyithe capillaries. In this way organs
regulate their own blood flow by varying resistammégheir arterioles. In addition, in most
tissues, declining levels of nutrients, particyladxygen, are the strongest stimuli for
autoregulation of the intensity of the blood cutrd@rhe description of blood flow is widely

described in the following books [5, 6].

In the description of the heat exchange are aled tie same theoretical relationships
in Environmental Engineering and Biomedical Engiimee Several cases of heat
exchanges in both the natural environment and triduspparatus are described in the
book [4]. In this domain, one of the most importémpics is a problem of planning for
thermal isolation of a building. Figure 2 shows maiechanisms that need to be taken into
account when an engineer wants to predicts the smairces of heat losses and gains.

Air temperatire 3 Sun
Air humidity i

Solar radiation

Reof conduction

Roo%.radiaﬁon
to the celling

Ceillng conduction

Ceiling radiation
to the room

| Radiation from
the home

|

Ground thermal
radiation

Reflected sun
radiation

Fig. 2. Mechanisms of heat losses and gains ibtiiding

The phenomena of heat exchange in the living osgarére very interesting too.
However this issue is much more complicated asrg eemplicated and inhomogeneous
temperature filed is presented in worm-blooded wiggas. Figure 3 shows model of heat
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transfer from the body to the environment. Whercdbihg the distribution of temperature

in a living organism the following regions are diguished: the core (interior) and the

external layer (coating). This distinction is cadis® the diversification of heat production

by different organs, their irregular shapes, cotivecheat transport through blood vessels
and different thermal isolation in different pax the body. The temperature of the

organism is constant in the core and it is appratéty equal to 37°C.
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Fig. 3. Mechanisms of heat transfer from the badghe environment
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The core incorporates the following parts: therioteof the skull, the interior of the
abdomen, and the interior of muscles. There arergbd bigger oscillation of temperature
in the external layer than in the core. Howevege boundary between the core and the
external layer is fluxional and it depends on endérconditions, in which the organism is
currently staying. The heat transport generatedérorganism’s core to the external layer is
conducted by heat conduction and convection. Irc#ts® when the organism is surrounded
by air, the heat is exchanged between the orgamaisdhthe surrounding by radiation,
convection, and evaporation. The theoretical badeshese processes are excellently
described in the position [7].

The description of phase processes is very imporianboth Environmental
Engineering and Biomedical Engineering. In the telsection, two cases of such
phenomena will be presented. The first example @msc the case occurring in
Environmental Engineering. It describes the usma$s balance equation in order to model
processes taking place during the sewage treatbatmass balance was solved for the
bead which is composed from chitosan granules. Gdaal is an adsorbent of metaég (
silver, copper) and it is in the form of sphereig(B).

Fig. 4. The cross-section of chitosan granule

The second example concerns Biomedical Engineeasindg was solved for the
controlled release of bioactive molecules from a$ain hydrogel. Its exact description is
presented in the paper [8]. The whole system ispos@d of a spherical matrix. Bioactive
molecules are adsorbed on its surface. This caeppssite to the case presented above.
The active agent is being desorbed form the salatyyb

The mass balance of the active agent for both czme$e described by the following
equation:
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accumulation = inflow — outflow + reaction (8)

The appropriate formulation of the model describihg processes of adsorption as
well as the process of desorption involves the tdation of the appropriate balance
equations for both the liquid phase and solid pl{akosan). The mass balance of active
agent for liquid phase in the case of the procéssdsorption will be composed of three
parts: (1) diffusion flow, (2) part describing chieal reaction, and (3) accumulation. The
mass balance of active agent for solid phase wiltletermined by the following parts: (1)
the reaction taking part on the surface and (2)snasumulation. The whole system is
presented in Figure 5.

Equation (8) takes the following form:

accumulation = inflow — outflow + adsorption 9)
solid body —_| ! 0y
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Fig. 5. Graphical representation of the processdsbrption

Assuming that the system is homogeneous and treegsof diffusion is much slower
than the process of surface adsorption, what leatlee assumption that the solid body is in
equilibrium with liquid (in time and in space), tAppropriate parts of the equation can be
described by the following equations:
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e accumulation:

A=mﬁkd%% (10)
* inflow:
D=(NA+dNAﬁ}d%% (11)
+  outflow:
o=NA&é¥- (12)
e adsorption:
Ads= N3 [palfl- )@V (13)

where:p - polymer density [kan™], a - specific surface related to mass unit of thédsol
body [nf-kg™], ¢ - matrix porosity [-].
The adsorption kinetics can be described by tHewvimg equation:

N2 =k (c,-C,) (14)

solid body — ) ,r‘::'l.,t".;_,;.
[

flud

\

C N I ; C4dC
z i
L
X |t
— | —
H PN, N

i
S

SEPC [, R ARl Ty

Fig. 6. Graphical representation of the procesesbrption
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In the second case, the process of desorptionmiessén drug controlled release, the
mass balance of active agent for liquid phaselwlalso composed of three parts: diffusion
flow, the part describing chemical reaction, anduaculation. The mass balance of active
agent for solid phase will be determined by théofeing parts: the reaction taking part on
the surface and mass depletion. The whole systgnesented in Figure 6.

In this case, Equation (8) takes the following form

accumulation = inflow — outflow + desorption (15)

Assuming the similar assumption like in the case adkorption: the system is
homogeneous and the process of diffusion is muotvesl than the process of surface
adsorption, what leads to the assumption thatdtieé sody is in equilibrium with liquid (in
time and in space), the appropriate parts of theatuon can be described by the following
equations:

* accumulation:

A=dVE de% (16)
o inflow:
D=N,* v (17)
dr
» outflow:
O=(NA+dNA)B‘B(ij—\r/ (18)
e desorption:
Des= N [palfl- )@V (19)
The desorption kinetics can be described by tHevahg equation:
Na™ =k, (C; - CA) (20)

where C, - concentration of active componeftin the liquid near the surface being in

adsorption equilibrium with solid [kg A7
The equilibrium equations of adsorption as welldasorption can be written in the
following form:

g =lang(C,) (21)
The boundary and initial conditions will also bengar in both cases:
fort=0 C,=Cy (22)
fort=0 q=0q, (23)
forr=0 ac, =0 (24)

dt
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Conclusions

The examples presented in this article show theattboretical basis of the description
of processes and problems that are present in &maintal Engineering and Biomedical
Engineering are the same. All processes of theasmgs of momentum, heat and mass can
be described by the same relationship: constitudgeations and balance equations.
Therefore, the solutions of these problems wilkhlmilar. However, processes taking place
in the living organisms are much more complicateghtin the environment and industrial
apparatus. Modelling of such processes involvesngaknto account chemical and
biochemical interactions between constituents @&f likling organism. Nevertheless, the
knowledge form Environmental Engineering can belyfuapplied in Biomedical
Engineering. Scientists from the both domains deresand exchange their experience and
solve problems with the similar theoretical babig#, concerning different objects.
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INTEGRACJA WIEDZY POMI EDZY IN ZYNIERI A SRODOWISKA
A INZYNIERI A BIOMEDYCZN A

! paistwowa Wyisza Szkota Zawodowa im. Prezydenta Stanistawa \ahdjawskiego w Kaliszu
2\Wydziat Inzynierii Procesowej i Ochron§rodowiska, Politechnika t.6dzka

Abstrakt: Rozwdj nauki, ktory obserwujegsiv ostatnich latach, wymaga czerpania i integra@dzy z rgnych
jej dziedzin. Do kaca lat 80. ubiegtego wieku zainteresowania i piaggniera bylyscisle zwigzane ze zdobyt
przez niego wiedg i obejmowaty gtéwnie naukéciste. Po tym okresie wiedza techniczna oraz razawiia
zaproponowane w jednej dziedzinie nauki zcby¢ z powodzeniem stosowane w innych. Tendgtejidad
szczegOlnie w liynierii Biomedycznej, ktérej rozwoj opieragsha osignieciach dokonanych w pozostatych
naukachicistych, nawet, jéi wydaja si¢ one by tak odlegte, jak liynierii Srodowiska.

Stowa kluczowe:inzynieria biomedyczna, f#ynieria srodowiska, transfer wiedzy, transfer badajawiska
transportu pdu, ciepta i masy



