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Abstract

Design of a compressed air system is a complexjgswolving the design of structures formed by #iesources, air receptors and
installations connecting all structure componeAtmther major task is to ensure the required qualittcompressed air. The paper briefly
outlines the methodology of integrated and netwairigcture design, using an objective function tal fthe optimal solution. In terms of

quality assurance, the technological aspects opcessed air generation, treatment and distributterdefined.
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1. Introduction

The performance of foundry plants largely dependstte
types of installed energies used to transform tmdry plant’s
static structure into the dynamic —processing stinec In most
foundries the energies installed include the dlecpneumatic,
hydraulic energy and compressed air. Installatiovaoious types
of energies is determined by technological and econ
considerations, associated not only with the stmattdesign of
receptor installations but with accessibility t@ tenergy sources
or the energy generation systems: outside the fyupldnts and
on the premises.

Among the three types of installed energies consesir
plays a major role, which is associated with thec#irity of
foundry installations and technologies and with icktr
requirements in design of compressed air preparatnd
transmission systems. The main problem is the igts of
generating and treatment of air to be used in tliengreceptor
installation. Because of the diversity of processasd
constructions involved, associated with the diffiees in
operational characteristics of air receptors, thginmal air
preparation technology, efficiency of air transnuassystems and
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quality of compressed air (to satisfy the constamal and
operational requirements of the given installatitmecome the
primary issues.

These issues need to be addressed already atathe ot
design (or upgrading) of a foundry plant, and sghsetly
throughout the entire casting process, in the cordé optimal
energy management. The compressed air installédiclesigned
at the stage of general planning and the procegisesring. The
general plan and the process diagrams determink¢htons of
all key structural components of the system: bogdi machines,
installations, pipe systems, service lines and egimg paths.

2. Engineering objectives underlying the
compressed air installation

In accordance with the general principles of theotl of
systems, a foundry plant is a manufacturing systeade of sub-
systems and objects and involving the interrelatioetween them
and between their properties [1]. The sets of sishess and their
interrelations constitute structures determining thethodology
of the foundry plant operation and enabling thelemgntation of
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given processes. Structures handled by the optimisanethods

are categorised into two major groups:

- integrated structures: buildings, plants,
machines, installations, systems and others

— network structures: piping systems, service lir@s)duits,
belt conveyors.

workshops

The compressed air installation can be viewed akssical
example of an integrated and network structureiwighfoundry
plant. The integrated structures include the cosgae air
sources (compressor units), receptor points (mashin
installations) and buildings involved in the prazefhe network
structure incorporates the installations connedfirgcomponents
of the integrated structure. The presence of tvatirdit types of
structures requires that the tasks involved inrtagangement be
defined separately and the solutions should betgaagordingly.

Integrated structures

The main task to be handled involves the flow oterals
required for technological processes between thstesy
components. The results of such analyses are thypigiaen in
the form of a matrix wherein elements at the irgetion of the
row and column define the flow between a pair géots (system
components). The indicators of the flow value ideu the
number of passes, the mass of handled load, trdugr®f the
number of passes and the distance or the produtheofpath
length and the load mass. To find the optimal layduhe system
components, the costs of material flow between ehggtem
components have to be minimised and such taskbaadled by
the operations research. One of the applicable adstinvolved
the matrix model, the transport costs and costslaft locations
being the objective functions [1]. In this model heven objects
andn points where these could be located, the matjioKunit
costs of load handling (PLN/(kg-m), the matrix & transfers
between the plants (objects) as well as the mairiaf distances
between the designed locations of system componéntis
assumed that the costs of locating the objectsvangoints are
given as § (utilities, compressed air supply and others). The

air receptor air receptor

‘ air receptor }——{ air receptoﬂ

air receptor
air receptor

‘ air receptor }——{ air receptor ‘

Compressor station

air receptor

decision variable determining that the object stidaé located at
the given point is given as:

o {1 when the object i is stationary )
Y 0 — otherwise

wherei, j=1,2,...,n

Since the distances between the objects depentkoratctual
locality, some additional variables need to beoidticed:p, r
(p, r= 1,2....n) defining the locations occupied by the objéasd
k. Furthermore, one object can be assigned to cretidm only
and one location can be occupied by one objectcéhahe
following constraints need to be satisfied:

n n
ZXL Z XL
i=1 p=1

To optimise the localisation of particular objedtss table of
matrix x; is sought to minimise the following objective ftioo:

@

k” SijlprXipXper + Z Z CipXip = min
i=1p=

®3)

This problem can be solved by reviewing all possibl
permutations (for small values of), by the separation and
constraint method or, in the case of more complablpms, by
heuristic methods such as evolution algorithms.

Network structures

The typical design task involves establishing therest
possible network connecting the objects of the gited
structure. The network connecting the plant objéfctis example
the compressed air installation) may have an opep-br closed
(ring-shaped) configuration. Some examples of andirad and
ring-shaped network are shown in Fig. 1.

‘ air receptor ‘ ‘ air receptor ‘

air receptor '—
air receptor

—‘ air receptor

Compressor station

Fig. 1. Schematic diagram of a) branched, b)rirgps structure
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The optimisationmethodsinclude:

-  the separation and constraint method- to deterntire
minimal length of the closed-loop network connegtin
points [2,5]. This method is applied to determire t
shortest path of the network.

The mathematical notation of this method is given a

Z ll]xl] = min
iJ

where:i,j=1,2,...,n with the constraints:

(4)

n n
1; lejzl, xij=00rxi]-=1
i=1 j=1
n — set of points on the plane,
i,j — pair of points within in network,
l; —length of segment connecting the pair of points.
- the method of finding the minimal length of the tpat
between the source and the receptor point, usiad-trd-
Fulkesson algorithm [4]. It is applied to determittee
maximal flow rate of a medium through the networklwe
minimal length of the connecting path. The netwarlay
encompass the supply source and several receptus po
The mathematical model of the problem can be défiag
follows:

xi]- =

(6)

D166 f(x,y) = min
(.y)

(6)

for the imposed constraints:
0<f(xy) <cxy)
f@x,N)—f(N,x) =0 forx #s,t
fO,N) = f(N,x) <b(x)forx =t
where:

@)

(x,y) —designation of the pipeline section connecting two

neighbouring pointsy(nodes),

I(x,y) — length of the sectiofx,y),

c(x,y) — maximal throughput in the segmerk,y),
determined by the pipe diameter,

b(x) — demand for compressed air or water at the recept
pointx,

N — set of all nodes in the neighbourhood of theenod

f(x,y) — flow rate along the pipe sectigxy) from the node
xtoy.

- method of analysing the installation network citsuising

dynamic programming approach [4]. The method emable

the practical positioning of the network structure
components whilst the investments and operatings cae
minimised. The input data include the parameterghef
installation (pipeline): length, diameter, drage ttypes of

compressors (pumps) that can be installed as well a

investment and operating costs to be borne depgmuirihe
compressor’s type and location.

This list of technical objectives and possible Sohs is by no
means exhaustive. To effectively handle the problew basic
tasks have to be completed:
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—  full characteristic of all structural elements viiththe
foundry plant system,

—  establishing the relationships between structukaments
and the way these are integrated to form a whaie, i
accordance with the process and production tecggalath
the specified productivity levels.

3. Engineering aspects of compressed air
technologies in foundry plants

The engineering aspects are associated with vapbases of
the casting process using compressed air. Basicdlere are
several phases (partial processes) involved: mard core
preparation, pneumatic transport, operation of roliiig and
actuating systems, corrosion control, ornamentdhtipg of
castings, ventilation and air-conditioning bothiindual and on
the premises of the foundry plant.

Regardless of this categorisation of partial proegsof
particular importance are the functions to be etextuusing
compressed air technologies. In certain cases @ssed air is in
direct contact with technological materials, in@#no contact is
established as there are some intermediate elenfantisect
action).

The first group of processes includes the mould eoc
preparation, where the compressed air energy isadi in
handling of the core or moulding sand, to compiict moulds or
core boxes and to transport loose materials. Theseesses are
accompanied by physical and chemical phenomenmafiion of
the mass-air stream with a variable concentratiitration,
pressure, compaction. In some groups of sand ntkesnical
reactions will take place as well, negatively imjrag on the sand
mix quality and, finally, on the moulds and corAsnost specific
process is painting, such as spray painting, ircivitiompressed
air acts as a carrier forming the air-paint mixtafeéhe specified
density. This group of processes also include destoval and
ventilation, the key parameters being: the air tada air purity,
temperature and its physical and chemical compusiti

The latter group of processes involving the indi@ation of
compressed air are observed in all controlling actuating
mechanisms. The distinctive features of those nméshres are:
structural design, kinetic and dynamic charactesstDepending
on their actual design and applications, the meshanexecute
the rotary, progressing, vibrating or jerk motiondaperform
work: conveying, turning, transferring, compactikgpcking-out,
control.

4. Compressed air quality criteria

Compressed air quality is the criterion underlyihg tlesign
of compressed air systems. To satisfy the qualitier@, the
following aspects have to be addressed [6]:

a) engineering and design objectives,
— characteristics of receptors with the specifiedrapenal
parameters, depending on the process technology,
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— design parameters and operating characteristic iof a 5. Technical aspects of adapting

sources- CoOmpressor units;

— characteristic of the system location structurkintinto
account the division into the integrated and nekwor
structures;

b) physico-chemical (initial) condition of compressealr
leaving the compressors;

— elevated pressure levels in relation to those redun the
receptors,

— elevatedtemperature,

— contamination,

- moisturecontents,

C) phyS|co chemical condition of air to be used ireygors:
— pressure at the inlet to the receptors;

— moisturecontent,

- quality-efficiencyfactor;

- temperature;

— puritylevel,

— other, such as lubricating properties.

compressed air to meet the requirements
imposed by process technology

In terms of technological requirements, the adapigirocess
involves three basic stages: production, treatraedtdistribution.

Production the sources of compressed air include compressor
machines, belonging to the group of heat enginempession is
a dynamic process, depending on the design andatipeal
parameters of compressor machines: compressioreféingncy.
These parameters determine the performance of ftitgee
compressed air installation. The key aspect toduzessed when
selecting a compressor type is the actual demandofmpressed
air. The analysis of air demand takes into accdahat process
technology and the plan of the foundry plant, with segregated
integrated and network structures within the corsped air
installation. the starting point in the analysis tie working
pressure at the receptors with the clearly inditaadmissible
minimum, increased by the pressure loss in the ety
installation. The schematic diagram of the procedargiven in
Fig. 2.

Equalising tank Drier, filter

>

Min. pressure Pressure drop

<5

Compressor o Switch =
Pressure difference
Max. pressure on/off
Receiver
Min. pressure

v

Piping installation

Connection

-

Pressure drop Pressure drop

Fig. 2. Determining the pressure levels when sielgcompressors- schematic diagram

Another vital parameter is quantitative demanddior taking
into account the utilisation factor and the recegpteoncurrent
operation. The utilisation factor is expressed tes ratio of the
real operation time to the nominal time whilst comency means
that the “sum” of operating receptors has to besmred within
the same period of time. The total demand shouké tato
account the potential leaks, which often occur iracpcal
applications. One of the key components of theesysts an
equalising tank, its volume being a major parametezcts as an
air cooler and separator of precipitate, it danfygsgulsation and
becomes a buffer when the air intake becomes unevetoo
much increased.

the compressors to the receptors. The schematigagimof the
installation is given in Fig. 3, showing the coneeg design and
operating principles of the system.

a) Waterremoval

At the outlet from a compressor, compressed aitaios a
significant amount of water vapour, proportional tair
temperature and inversely proportional to pressimiously the
water removal process by air cooling in coolerdaitesd behind
the compressors will be quite effective. Furtheolmg, referred
to as self-cooling, proceeds in the piping instala It is
recommended that the airflow direction in the ilaton with

Treatmeninvolves all processes aimed to change the pHysica respect to the gravity force acting upon the watelecules

and chemical properties of air and adapt it to ffrecess
requirements. Air treatment proceeds in various pmmmants of
the compressed air line. Their design and operatiingiples are
largely dependent on the scope of the treatmeratipas and the
phenomena that may arise during the flow of conga@sir. Air
treatment proceeds in the direction coincident whti flow: from
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should be such as to allow water flow to drain hoWater is then
removed through dewatering or by automatic or dpdréilters.
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Inlet | Compressor
Suction | T (psV;w;t;AZ)
@Extrusion
Cooler = eqthrI]iiing
f (ApP;AV;AW;At;AZ) f (AP;AV.AL)
Dewatering = Fine or coarse filters = Air receptor > Exhaustai
xhaust air
f (Ap;AV;,AW;AL) f (Ap;Aw;AZ) f (PrinV)
Coalescing filters Air receptor
Exhaust air
S epavan || few ~
Conventional filters Oil injection pumps Air receptor
‘> >
f(Ap;AV;AzZ) f (Ap;AV;AZ) f (PrinsV)

U

Fig. 3. Schematic diagram of the compressed aialiation

b) Removal of contaminants

Compressed air generation involves the suction rofatithe
inlet to the compressor), compression action (datexd by the
compressor's design) and forcing action (outlet mfrahe
compressor). At each stage there are potential cesuof
contaminants: polluted atmospheric air, corrosiwngounds,
carbon compounds and particles of substances remgaifter the
assembly operations. The filter types (fine or sediilters) are
selected depending on the size of the contaminpatsicles (>40
and 10-25 microns) and the purity requirements.

c) Oilremoval

The source of oil are compressors, particularly thik
lubricated types. There is no oil contaminatioc@mpressors not
requiring oil lubrication. In compressed air ink#bns oil is
present in three forms: oil-water emulsions, adssand oil
vapours. Aerosols contain vary fine particles ie gize range
0.01-1 micron suspended in air. They can be remobgd
coalescent filters mounted in combination with dimd filters.
When air is contaminated with oil vapours, adsorpfiilters are
required and they are widely employed in the fooacessing or
pharmaceutical sector.

d) Overpressureprotection

Compressed air receptors are adapted to operaténeat
admissible working pressures, depending on theirahaesign.
Any deviation from the specified pressure value dpees
negative impacts. At elevated pressures, the ptmtucand
maintenance costs are increased, when the prassoelow, the
operation of the installation becomes ineffectiye. order to
maintain the optimal pressure levels, reductioveslneed to be
provided that keep the output pressure constagardéess of the
inlet pressure levels. The input value is deterhibg the control
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characteristics, the output pressure is defined thy flow

characteristics. An effective method of eliminatingo high

pressures at the outlet is to control the compressperation

within a narrow pressure range and to adjust thdeanand to the
requirements of particular receptors.

e) Enhancing the lubricatingproperties

In the context of quality assurance, it is requitiedt certain
lubricants- oil substances should be admitted énitistallation. It
is necessary when the machines are operated ikirteéic and
dynamic load modes. When the lubrication conditi@ame not
satisfied, the resistance to motion is increasetitha wearing is
enhanced, which reduces the service life of thehinac Oil can
be introduced into the system by one of the twohawas: by
spraying or through the use of injection pumps.agipg gives
rise to formation of an oil mist or micro-mist sesgion in the air
stream. In the case of lubricating systems, thadabt is supplied
to the definite spots which, because of their cexmgeometry,
cannot be reached by air.

Distributiory proceeds in the network system comprising: the

main collector connecting the tank with the maipgtine, service
lines supplying the ultimate reception points ahé teceptor
devices. It is recommended that the lines shoulddmmected to
the main pipeline from above so that the precipitair
contaminants should not get to the receptors. Hséclrriterion
considered when designing the network is the flate rand the
pressure drop. Of particular importance is the qunes decrease
due to the resistance to motion caused by thdipgé&ue to its
diameter, pipe connections, presence of corneys)nternal air
friction and relative friction of air with respett the pipe and by
flow resistance due to the presence of air treatnsgstem
components. The presence of any leaks is detritnémtathe
performance of network distribution. They are emteted at

14, Issue 4/2014, 103-108 107



connection points or when flexible hoses or cutdfves get
damaged.

5. Summing-up

Procedures employed in design of compressed aigragsare
based on the adopted criteria. Engineering crit¢hi@ have
relevance to the design of structures are the lf@san integrated
set of technologies and processes realised thrdeghnical
equipment and energy supply. In the case of a cesspd air
system, optimisation involves the design of lo@ditof particular
objects and their connections via pipelines. Tluméd system is
associated with the flow structure. Technologigéteda include
air quality, defined as the physical and chemicaidition of air
to be supplied to the receptor devices. The qualggurance
involves three major stages: air generation, treatmand
distribution. Those criteria underpin the ratiordgsign of a
compressed air installation.
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