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Introduction

Environmental Engineers are often employed in design offices, developing solu-
tions for sanitary systems in the branch of heating, ventilation, air conditioning, gas
and water supply, sewage disposal, etc. This type of labor requires time consuming
calculations which can be supported by Computer Aided Designing applications.

InstalSystem package offered by the InstalSoft Company is one of the popular
tools for sanitary installations Computer Aided Designing. Applications in versions
containing products of individual companies are intended for design, calculation
and generation of complete drawings and lists of materials for central heating, water
supply system and sewage systems. The subject of this study is combination of
Instal-therm HCR and Instal-heat&energy, applications, that are used for designing
heating systems, as well as Instal San, intended for water installations design. It
should be underlined, that Instal-therm HCR and Instal-san T programs have a func-
tion to import drawings in *.dwg format, and generate created drawings to the
above mentioned format.

Instal-therm HCR and Instal-heat&energy are compatible applications and en-
able editing of graphics elements and computational part of one project file at the
same time. In practice this reduces the arduous calculations of energy demand for
building, that the program carries out automatically after assignation of the build-
ing’s architectural base with its location and construction. Creation of drawings is
also shortened by the use of complete patterns of graphical equipment and pipes and
creation the installation’s schematic views in an automatic way. At the same time,
the role of the designer is not only limited to drawing the installation, but it also
covers selection of the heating medium supply temperature, selection of types and
devices connections. These applications can therefore be extremely useful tools in
designer’s work, however, they require the necessary scope of knowledge to choose
proper solutions.
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1 Theoretical basics

1.1 Heating systems in single-family buildings

Heating is associated with the delivery of warmth to the premises of building
in a quantity that will provide thermal comfort conditions for their users. If heating
installation is designed to heat a room or several rooms located in some distance
from the heat source, the solution is called central heating system. The basic ele-
ments of such a system include boiler, pipes and heaters. Considering the type of
medium, water, air and steam central heating, together with electrical one can be
distinguished (Brumbaugh, 2004; Krygier et al., 2007). Water heating systems con-
stitute over 95% of all central heating systems in Poland, therefore the basic ele-
ments of such systems will be shortly described below.

Heat source in central heating system is boiler, which produces heat through
fuel combustion. There are four main types of boilers depending on the type of fuel
used: gaseous, oil, solid fuel or electric power.

Pipes distribute hot water to the heaters (radiators, convectors, etc.). In the case of
higher buildings, water is distributed to the individual floors by the risers. Distribution
pipes can be connected to the main duct in the following ways (Balcerowska, 2009):

e system of the tees: a few heaters — generally radiators — connected to supply

pipe through the tees,

e gsystem of the manifolds: a few heaters connected to supply pipe through the

manifold.

Central heating pipes are made of steel, copper or plastic. Plastic pipes are
made from peroxide cross-linked polyethylene, polypropylene or polybutylene.

Heaters are room heat emitters that transmit warmth to the room spaces.
The choice of heater is influenced by heating installation solution in the designed
object. Due to material type, steel, cast and aluminum radiators can be distin-
guished. Due to the way of heat transfer, heaters can be divided into surface (radi-
ant) and convector devices.

Additional elements of heating systems are the fittings. Fittings like valves,
thermostatic regulators, flow controllers, non-return valves etc. aim in regulation
of flow, temperature and pressure of water. Among fittings assortment there
are also air bleeders, filters and security equipment like safety valves, expansion
vessels (Balcerowska, 2009).

Due to the fact that water heated in the boiler is distributed through the pipes to
the heaters, cooled and returned to the boiler, several distinctions of systems can be
made (Krygier et al., 1991; Nantka, 2010):
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e according to the manner of water circulation in system: gravity and

pumping,

e according to the manner of connection with atmosphere: open and closed,

e according to the manner of pipes arrangements: one-pipe and two-pipes

systems.

Central water heating, as the most popular heating system for single family
buildings — which was mentioned in the previous section — can be divided into radi-
ant and convector heating. Radiators and convectors are standard solution in heating
installations. The specific information about designing of such systems can be
found in many literature positions (Albers et al., 2007; Krygier et al., 1991; Koczyk
and Antoniewicz, 2004; Nantka, 2006, Nantka, 2010; Kwiatkowski and Cholewa,
1980). On the other hand, surface radiant heating is relatively modern and energy-
saving solution for houses and dwellings (Causone, 2010; Nowicki and
Chmielewski, 1995) and therefore most of the attention in this chapter will be paid
to designing this kind of systems.

Heating systems using radiant heating are more and more popular, both among
private investors, as well as in public buildings. This heating system type is wide-
spread in the West European Countries, however, in Poland the beginning of its
application is dated on 90’s of 20" century, due to the availability of plastic pipes
(Koczyk and Antoniewicz, 2004; Nowicki and Chmielewski, 1995).

Practically all partitions in the room can be used as heating surfaces, so wall,
ceiling and floor heating can be distinguished. Currently, the most popular heating
system in single-family buildings is floor heating, where a circuit powered by hot
water is a heating element. There are also electric surface heating systems, which
use, among others, heating foils, however, due to economic conditions and technical
limits, they are much rarely used (Nantka, 2006; Kowalczyk, 2002).

The water floor heating system in single-family buildings usually requires the
radiators, because there are some limitations of its use, which makes it impossible
to ensure the required temperature in such rooms as bathrooms (usually small floor
surfaces do not provide adequate amount of energy) and staircases (installation
of heating circuits under stairs is impossible). Furthermore, in view of floor heat-
ing’s investment cost (about 30% higher than in the radiator heating), standard radi-
ators are used in technical and support rooms, fulfilling the secondary function in
the building. Restriction of floor temperature up to 29°C also influences the need to
use radiators, because this temperature condition affects the maximum heat effi-
ciency from the square meter of the partition.

The radiator and surface heating systems are characterized by different temper-
ature of heating source. In the radiant (surface) heating system, the temperature of
medium amounts maximally 55/45°C, while radiator heating system requires higher
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temperatures like 75/65°C, 70/55°C or even 90/70°C. In view of the above, there are
two basic mixed heating systems (Nowicki and Chmielewski, 1995):

® two separate systems with different heating medium temperatures,

® one system with temperature adjusted for specific heating system.

These two types of connections between convection system and floor heating
system are shown in Figures 1.1 A and 1.1 B.

CONVECTOR RADIANT CONWECTOR R&ADIANT
HEATING HEATIMNG HEATING HEATING
— = =
: o = .I A —— &
MIXING SETS ! I
| MANTFOLT MANIFOLD (MIXIMNG
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Fig. 1.1. Mixed system powered by medium: A) with different temperatures ensured by
mixing sets, B) with temperature adjusted to the convection heating and local preparation of
medium with radiant heating temperature (manifold with mixing set)

In the case presented in Figure 1.1 A, two separate circulations with the three—
way valve temperature control are obeyed. In the case of 1.1 B, the heating medium
distributed from boiler through the risers has a temperature specified for the radiator
heating, however applying the compact manifold with the pump and mixing set
ensures the parameters right for the floor heating system. This system is usually
used in buildings, where the floor heating is designed only in particular, selected
rooms (for example in the living room, kitchen and bathroom, while the other
rooms are heated with radiators).

The mixed system can be powered both from solid fuel, gas and oil boilers.
The surface heating system, due to relatively low temperature, can work together
with condensate boilers, heat pumps and solar collectors (Kowalczyk, 2002;
Oszczak, 2005).

1.1.1 Floor heating — basic theory

The Polish Standard PN-EN 1264-1, which introduces the guidelines of the
European Standard, defines the components of floor heating system in the following
way (PN-EN 1264-1):
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e “Floor heating system — installation consisting of floor heating, heating

circuit distributors and control equipment.

e Floor heating — surface heating system, where pipes carrying water with or

without additives as a heating medium are laid in the floor.

® Heating circuit — section of floor heating connected to a heating circuit dis-

tributor which can be independently switched and controlled.

® Heating circuit distributor — common connection point for several heating

circuits.
® Heating floor area — area of the floor covered by the heating system be-
tween the outer pipes respectively the outer edges of the system with the
addition of a strip whose width is equal to half the pipe spacing but not ex-
ceeding 0.15 m.

® Peripheral area — floor surface which is heated to a higher temperature
and is generally an area of 1 m maximum in width along exterior walls. It
is not an occupied area.

® Residence area — part of heating floor designed for longer stay.”

The basic feature of surface heating is the fact, that it delivers heat to the room
mainly by radiation process (70% of the heat), therefore it is called radiant heating.
This results in less intensity of convection currents, characteristic for the traditional
radiator heating and moreover in very uniform temperature layout. Due to the limi-
tation of supply temperature for surface heating system, temperature differences in
heating room are smaller, so air movements are slighter. In comparison to the radia-
tors as heating elements, it offers very hygienic conditions due to limitation of dust
move and a lower air ionization (Kwiatkowski and Cholewa, 1980).

Typical floor heater is made as a heating circuit embedded in the screed. The
Standard (PN-EN 1264-1) lists A, B and C floor heating types, differing location of
heating pipes. The A-type refers to the floor heating with heating circuit embedded
in the cement screed. The B-type refers to the system with heating pipes partially
laid in the thermal insulation layer, while the C-type means heating circuit totally
dipped in the leveling layer

The transfer of heat takes place initially by conduction between the heating
medium and the pipe wall, across the screed and floor covering. Due to heating pipe
spacing, floor temperature is not homogenous. Therefore, for the sake of calcula-
tions simplification, the term: average heating floor surface temperature was intro-
duced, which is a resultant of temperatures in warmest (over pipes) and coolest (in
the middle of pipe spacing) floor points (Figure 1.2) (Hepworth, 2009).
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Fig. 1.2. Heating floor surface temperature layout

The heating floor temperature is specified by thermal comfort requirements
(Maier and Tejchman, 2006) and it may amount between 25°C and 35°C (Kwiat-
kowski and Cholewa, 1978; Nantka, 2006; Rosinski and Spik, 2009). Vertical tem-
perature distribution in a room heated by heating floor is highly similar to the per-
fect one, which provides thermal comfort conditions. This also results in the
posibility of an average internal room temperature reduction for even about 2°C,
with thermal comfort requirements fulfilled. This relationship allows to reduce the
costs of heating in winter season, due to the lower supply temperature required.
Decrease of heating costs may even reach the amount of 10% during the heating
season (Hepworth, 2009).

The stream of heat transfered into the room depends on (Hepworth, 2009):

® heating medium temperature,

® pipes embed depth,

® Dpipe spacing,

® indoor room temperature.

Due to slight differences between the heating floor temperature and indoor
temperature, heating floor systems have a self-regulation ability. This process is
connected with the decrease in the density of heat flow into the room as a result of
rising room temperature and decreased temperature difference.

1.1.2 Structure of heating floor

Heating floor is an area of the floor, covered by the heating circuits, according
to the definition contained in (PN-EN 1264-1). The main element is heating circuit,
that delivers heating medium to the room. Due to pipe spacing in heating circuit,

there are spiral systems (Figure 1.3 B) and meander systems (single or double)
(Figure 1.3 A).
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Fig. 1.3. A) Pattern of the heating circuit in meander form with peripherial area, B) Pattern
of the heating circuit in spiral form

The heating pipes spacing pattern has an effect on temperature layout in the
room. Spiral system, more difficult in execution, causes more uniform temperature
distribution, due to the fact that the supply and return pipes are parallel on the entire
surface of the room. In case of meander system, heating floor temperature
distribution is inhomogeneous. Characteristic for this system, irregular temperature
distribution (temperature drop along the heating medium flow direction) can be
used to compensate the increased loss in a specific parts of the room.

Aiming at compensation of the increased heat loss caused by the external win-
dows, the peripheral area can be applied. The peripheral area is a part of the heating
floor, or distinct heating circuit with pipe spacing smaller than the standard used in
the room. Heating pipe spacing in the peripheral area is usually between 10 and
15 cm, while in residence zone it is 20 to 35 and even 40 cm. The peripheral area
covers the surface of maximum 1 m in width along external wall with window.

Heating circuit can be laid in dry or wet systems (cement screed). The wet sys-
tem types are specified in the Standard (PN-EN 1264-2). Illustrative diagram of the
arrangement of the particular layers of the heating floor is presented in Figure 1.4.

The mentioned figure shows the basic elements of the floor heating system,
and thus: the reinforced cement board, the thermal insulation layer (usually
placed on a vapor-insulation barrier), sound insulation, system board for simpli-
fication of heat pipes installation, the layer of cement screed (4 — 7 cm) and
floor covering layer.
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Uponor edging strip 150x10
Screed: Screed with screed additive VD 450, Su: 25 [mm]
Uponor MLCP white in coils 16 x 2,0
Uponor clamp track 16
Sound insulation plate EPS-DES 15-2
PS5 insulation EPS-DEO 40
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Fig. 1.4. Heating floor, wet system. The arrangement of the system layers with the clamp
track 16 (Uponor system)
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Suitable functioning of the heating floor depends mainly on the proper execu-
tion of thermal insulation. Thermal insulation should be designed to prevent the
possiblity of dawnward heat flow exceeding 10% of the total heat flow. The whole
heating floor is separated from the outer partitions using polyethylene tape, that fills
the expansion joint. Pheripheral insulation, called the expansion joint tape, fulfills
a protective function against heat loss and ensures the possibility of thermal com-
pensation. The thickness of the expansion joint tape — pheripheral insulation —
should be equal minimally 5 mm, while 8 mm thickness is recommended
(www.uponor.com.pl).

Expansion joints in the heating floor are used in the case, when it is necessary
to divide heating circuits and separate them from building partitions or building
dilatations. The purpose of placing expansion layers between them is to allow for
the transmission of thermal tensions caused by changes in the temperature of the
heating floor, which prevents the occurrence of the cracks. By the use of the expan-
sion joints, the heating circuits in the room with the irregular shape (L, Z, C) should
be divided, in order to obtain a rectangle shape of the heating surface. The heating
circuit should be divided into separate floors also in case when a maximum hydrau-
lic resistance for a single loop or maximum length of the pipe (heating pipes must
not be combined in a single heating circuit) are exceeded. Additionally, the division
is necessary in the case of large, disproportionately long rooms, where the surface
exceeds 40 m’, the ratio of the sides is more than 2:1, or one of the sides is longer
than 8 m (Kwiatkowski and Cholewa, 1980; PN-EN 1264-4). The transit pipes,
passing through the dilatation should be protected by cover pipe.

The materials used to build the heating floor system should have certificates
that allow for such use. As floor covering materials it is recommended to use the
ceramics, terracotta, thin parquet and fitted carpet. There are also systems with
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smaller pipes diameters and low supply temperatures, which are allowed to be used
under the panels.

1.1.3 Requirements for systems components

In accordance to the requirements set out in the standard (PN-EN 1264-3),
there is a limitation of an average temperature of floor surface in heating floor sys-
tems. The most favorable temperature range is between 24 and 26°C, while it must
not exceed 29°C. Due to the thermal comfort, the average floor surface temperature
should not exceed (Nowicki and Chmielewski, 1995):

e 29°C —in residential area (residential rooms and offices),

e 35°C —in peripheral area (with the outer building walls),
33°C - in bathrooms,
e 27°C - in work rooms, where workers stand up.

Due to above presented rules, there is also a limitation for the maximum supply
temperature. Allowable supply temperature is 55°C with the temperature difference
between 5 and 10 K.

Because of the maximum allowed hydraulic resistance of the single heating
circuit equal to 20 kPa, the value of water flow velocity in heating pipes should be
in the range between 0.1 + 0.6 m/s and the maximum length of a single loop equals
120 m (for multilayer pipes 16x2mm).

The efficiency of heat transfer to the room should not be less than 90%, while
the downward heat transfer should not exceed 10%. Heat conduction resistance of
the finishing layers should not exceed 0.15 m*> K/W, and the resistance of the layers
below the heating pipes should not be less than 1.5 m*’K/W. The average heat effi-
ciency of 1 m® of the floor should be equal to about 80 W/m* (Nantka, 2006).

The peripheral areas constituting more than 20% of the room surface or
exceeding 6 m’ should be built as separate circuits, usually with the temperature
difference 6 K. In the other case, a peripheral area, integrated with residence area
can be designed with temperature difference 10K (Nowicki and Chmielewski, 1995;
www.kisan.pl).

Manifolds used in the surface heating system should supply particular apart-
ments at each floor. Each manifold is equipped with check valves and control
valves for pressure equalization in the particular circuits. Control valves are in-
stalled on the return pipe. Manifolds set includes additionally shutoff valves and air
bleeders. Floor heating manifold are installed in the central part of the apartment
(e.g. hall, cleaning room) in concealed or on-wall cabinet (Nantka, 2006).

Heating floor effective surface should be estimated taking into account the
floor area free of furniture, particularly kitchen furniture and bookcases. Anyhow,
in some circumstances it is allowed to put pipes below the furniture and sanitary
equipment on the request of the investor.
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1.1.4 Designing of floor heating systems

Floor heating system should be taken into account at the design stage of the
building investment, due to the special requirements for insulation properties of the
partitions. The basics for the selection of heating floor are the calculations of the
design heat load of rooms made according to the PN-EN 12831:2006 Standard,
room dimensions and its shape. It is also necessary to establish the type of the floor
covering at the design stage, due to the thermal resistance requirements.

The value of heat flow density can be calculated using below presented formu-
la (www kisan.pl):

0
qdes = 71-]

qaes — designed heat flow density [W/mz],

Qy — design thermal output of floor heated room [W],

F — heating floor surface [mz].

Initial calculations ought to be conducted for the accommodation space with
the greatest specific thermal output value. With the assumed supply and return tem-
peratures and the internal room temperature, the average arithmetic temperature
difference can be calculated (www .kisan.pl):

rg, =9F% _4 (1.2.)
2

A46,, — average arithmetic temperature difference between heating medium and
room temperature [K],

6, — supply medium temperature [°C],

6, — return medium temperature [°C],

0; — internal room temperature [°C].

Using producers guidelines it is possible to match pipelines spacing, when
q = qqes condition is fulfilled and the acceptable floor temperature is not exceeded.

(1.1

Basing on covering layer thermal resistance, the average arithmetic temperature
difference and specific thermal output, it is possible to match pipelines spacing.

Thermal output per 1 m of a pipe can be calculated using the below equation
(www kisan.pl):

q,=q-a (1.3.)
g, — thermal output per 1 m of a pipe of heating circuit [W/m’],
g — specific thermal output, read from tables [W/m’],
a — pipes spacing [m],

The required length of the heating circuit is then calculated as (www .kisan.pl):
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[ = Q—H (1.4.)
q,

[ — heating circuit length [m],

Qy — design thermal output of floor heated room [W],

¢, — thermal output per 1 m of a pipe of heating circuit [W/m’].

If the length of the circuit exceeds 120 m (@16 mm), it should be divided into
several circuits, for which separate heating and hydraulic calculations should be
carried out. Supply temperature for heating circuit connected in parallel is the same.

After drawing the heating circuit in a room, the mass flow of the heating medi-
um and the pressure drop caused by water flow through the circuit should be calcu-
lated, checking the condition of 4p < 20 kPa. In case of exceeded 20 kPa of pres-
sure loss, the heating circuit should be divided and the calculations for each part
should be repeated.

Specific guidelines concerning the heating and hydraulic calculations and di-
mensioning of heating floor pipes are included in the standards (PN-EN 1264-1,
PN-EN 1264-2, PN-EN 1264-3, PN-EN 1264-4; www.kisan.pl).

1.2 Water supply systems in single-family buildings

1.2.1 Water supply systems — basic theory

Together with central heating, water supply systems are basic installations used
in almost all buildings. Water supplying the internal systems is delivered from the
water distribution networks or from individual water intakes. They are the compli-
cated systems containing many elements like water intake, pump stations, water
treatment plants, reservoirs, which are out of scope of this monograph and will not
be discussed here.

This sub-chapter is devoted to indoor water supply systems and the regulations
determining their designing, building and finally operation. According to
(Chudzicki and Sosnowski, 2011) there are more than 20 documents (regulations
and depositions) forming the rules of water supply systems designing and exploita-
tion. Among them, there are the Acts of Parliament and Regulations of Polish Min-
isters. Morover, in designing practice there are commonly used Polish Standards,
guidelines and technical literature.

The most important documents determining the methodology and rules of wa-
ter supply systems designing are the following:

e Regulation of the Polish Minister of Infrastructure dated 12 April 2002 on
technical requirements which have to be met by buildings and their
situation (Journal of Laws - Dz. U. Nr 75, item 690 with subsequent
amendments),
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e Polish Standard PN-92/B-01706, Installations for water supply. Design
(canceled without replacement).

e FEuropean Standard PN-EN 806-3:2006 — Specifications for installations in-
side buildings conveying water for human consumption — Part 3: Pipe siz-
ing — Simplified method .

1.2.2 Structure of water supply systems

According to above mentioned Polish Standard PN-92/B-01706 the most im-
portant elements of water supply system are:

Water supply installation — system of elements providing water supply in
building object and its surrounding, working as a whole system.

Hot water system — part of water supply installation used for hot water produc-
tion and its delivery to the draw-off points.

Water connection — pipeline connecting water source (water distribution
network or individual water intake) with indoor system.

Draw-off point (point of use)— point of water consumption.

Available pressure — hydraulic pressure at the point of water supply source in
computational conditions.

Central domestic hot water system — hot water system where hot water is
produced in boiler room.

Individual domestic hot water system — hot water system with hot water pro-
duction for one or a few draw-off points set in common room.

The most important elements of water supply systems are:

e pipes of cold, hot and circulation systems,

® pumps or pumping stations,

o fittings (stop valves, non-return valves, backflow preventers, regulation

valves, air bleeders, pressure meters, temperature meters, filters)

® water meters,

e water heaters, hot water storage tanks,

® mixers, taps and other types of draw-off points,

e manifolds,

* etc.

In general, each water supply system starts in bottom floor (basement or the
groundfloor) after the building entrance, at main valve of the water meter set. It
consists of the horizontal water pipelines and the vertical risers presented in Figure
1.5, delivering water to the particular floors by the branches, delivering medium to
the particular draw-off points (Sosnowski, 2000).



18 A. Zelazna, Z. Suchorab

4 AIR BLEEDER

HOT WATER PIPES r

\
1
\
1
I |
ROOM PIPES 1‘
: HOT WATER
| CIRCULATION
1 PIPES
\

“‘ RISER

1

_J

N O N PR

COLD WATER PIPES

CIRCULATION
PUMP

~ DK § b BACKFLOW MAIN
i

PREVENTER  WATER-METER

|
t
|
HOT WATER- WATER
METER / " PUMP STATION FILTER CONNECTION
b

HEAT EXCHANGER

’7 ~~~~~~ ~
t

\

t

\

¥

(-

Fig. 1.5. Water supply system schematic view

In most cases water meter set at the system entrance should consist of stop
valves, filter and main water meter. After water meter set, backflow preventers are
used, which will be more extensively described in the next sub-chapter. In multi-
family and public objects it is required (Regulation of the Polish Minister of Infra-
structure dated 12 April 2002) to locate water meter sets in a separate, technical room,
which is not obligatory for single family houses. If necessary, the next element of
water supply system is pump station, which can be also set in water meter room.

Another important element of water supply system is the heat exchanger which
produces hot water for the supply system. After water is heated, it is delivered by
separate pipelines (hot water pipes) to the draw-off points. In case of the individual
domestic hot water systems this element is not present, and whole cold and hot wa-
ter is supplied using the same pipes. Hot water is produced locally in particular
rooms with draw-off points. This solution will not be widely presented in this mon-
ograph. More advanced solution is a central domestic hot water system, where hot
water is produced in boiler room together with hot water for central heating
(Chudzicki, 2006). This approach requires application of extra pipes, parallel to
cold water pipes. Together with hot water pipes it is suggested to apply hot water
circulation system, which will enable constant circulation of hot water, even with-
out hot water consumption. According to Polish regulations (Regulation of the
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Polish Minister of Infrastructure dated 12 April 2002) it is allowed not to use hot
water circulation in single family houses or in situations where total pipes capacity
is lower than 3 dm3, anyhow it is strongly recommended to apply this solution due
to bacteriological protection and hot water system efficiency (Chudzicki, 2012).

Depending on water distribution, the following systems are used
(Antonowicz, 1976):

® bottom water distribution (most often applied in new systems, with water

flow towards upwards direction; the advantage of this solution is good air
prevention by draw-of points at highest floor),

e upper water distribution (with water reservoirs, not used in single family

houses, with water flow downwards),

® ring water supply system (the most inevitable system, delivering water from

many directions, anyhow not applied in single family houses).

Another important division of water supply topology is division into
(Chudzicki and Sosnowski, 2011): one zone water supply system (in lower build-
ings), two- and more-zones water supply system (applied for higher buildings with
available pressure not enough to provide water delivery to the higher floors, not
applied in single family buildings).

To the particular floors of single-family or multi-family buildings water is de-
livered by vertical pipelines called risers (Figure 1.5) and there by tees or manifolds
is delivered to the flats or particular rooms. In case of multifamily buildings there
are also water meters applied for cold and hot water (Figure 1.5).

Similarly to central heating systems, water supply system pipes are made of
galvanized steel, copper and plastic. The most important information about pipes
and other materials are presented in the following monographs: (Gassner, 2008;
Chudzicki, Sosnowski, 2011; Panas, 2011).

1.2.3 Designing of water supply systems

Designing of water supply system ought to be conducted basing on the re-
quirements and regulations presented in the 1.2.1. sub-chapter of this monograph.

According to them, the maximum pressure in water supply system should not
exceed 0.6 MPa (60 mH,O) and should not be lower than 0.05 MPa (5 mH,0)
which means that in case of too high available pressure it is necessary to reduce it
using the suitable fittings. On the other hand it may be necessary to apply pump
stations to rise it, in case of too low pressure in the highest draw-off points.

According to (Chudzicki and Sosnowski, 2011) solution of water supply sys-
tem depends on object type and investor requirements. From the point of view of
this monograph, the most important are residential, single family buildings. Sanitary
equipment for all buildings type is precisely determined in the following mono-
graph (Chudzicki and Sosnowski, 2009).
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In general, designing of water supply system is divided into the following parts
(Chudzicki and Sosnowski, 2011):

establishing water supply connection and positioning the main valve with
water meter set,

positioning of draw-off points, boilers, etc.,

guiding the pipelines,

hydraulic calculations (water flow in particular system sectors, hydraulic
resistance and pipes dimensions) of cold water, hot water and, if necessary,
hot water circulation,

matching the necessary fittings: backflow preventers, pressure limiting
valves, water meters etc.,

calculating the minimal available pressure for the whole system and match-
ing the suitable pump station if necessary.

For efficient system functioning it is required to calculate the suitable dimen-
sions of pipes and calculate the minimal pressure available. According to the Polish
Standard PN-92/B-01706 it is divided into the particular stages:

division of the whole system into the particular calculation sectors,
determination of computational flows for the particular sectors,

matching the pipes dimension for the particular sectors,

determination of hydraulic resistance,

determination of minimal pressure available for the whole water supply
system.

The most significant parameter for hydraulic calculations is computational wa-
ter flow. While this monograph is elaborated, Polish Standard PN-92/B-01706,
which is more than 20 years old and sometimes not adequate according to new liv-
ing standards etc., is still applied and procedures presented in this regulation are still
obeyed. In this document, the most significant parameters are: computational water
flow and normative outflow from the draw-off points. Normative outflow (g,) val-
ues are listed in the Table 1.1 of the discussed Polish Standard. They are expressed

in dm’/s and are characteristic for the particular types of draw-off points, which

means that normative outflow values differ for taps, mixers, hose connections,
shower heads, toilet flush tanks or urinal bowl flush pipes.

For hydraulic calculations computational flow is the most important and de-
pends on the following factors:

object type (residential, office, administrative, hotels etc.),
the sum of normative outflows (Xg,) [dm’/s].
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To calculate the computational flow, it is necessary to use one of the below
presented formulas which are determined in Polish Standard PN-92/B-01706 and
are set in (Chudzicki and Sosnowski, 2011) in the following table form.

Table 1.1. Formulas for determination of computational flows according to PN-92/B-01706
and Chudzicki and Sosnowski, 2011

Object type Formula Remarks

Residential q=0.682-(Xq,)"" —0.14 for 0.07 < Xq,< 20 dm’/s \

buildings and fittings with g, < 0.5 dm’/s
g=17-(¢ )"*' 0.7 for Xg, > 20 dm’/s

and fittings with gn > 0.5 dm’/s

Office  and | 4=0.682 (g )" —0.14 | forZg,<20dm’s

administrative

Hotels and g =(Xq,)"*® for draw-off points with g, > 0.5
markets " dm’/s

and 1 < Xg, <20 dm’/s

q=0.698-(Xq, )3 —0.12 for draw-off points with g, < 0.5

dm’/s
and 0,1 < 3g, <20 dm’/s
g=1.08(2g )" —1.83 for Xgq, > 20 dm’/s (for the
! hotels)
g=43-(Zq )" —6.65 for Xg, > 20 dm’/s
(for the markets)
Hospitals q=0.698-(Xq )*° —0.12 for Xg, <20 dm’/s
q=025-(2g,)"% +1.25 for Xg, > 20 dm’/s
Schools g=4.4-(Zq )" -3.41 for 1.5 < Xg, <20 dm’/s

for 2q,<1.5 dm?/s, q=2q,

g=-225-(2g, )" +11.5 | forZg,>20dm’s

From the point of view of this monograph, the first formula in Table 1.1 is the
most important. This is caused by the fact, that single-family house is a residential
house with small total normative outflow (2g,), not exceeding 20 dm?/s. This for-
mula will be applied in calculations presented in the practical part of this elabora-
tion. Formulas presented above consider that water consumption is not an uniform
phenomenon and it may vary depending on type of the building, thus computational
water flow is a resultant of both parameters: object type and the sum of normative
outflows.

It must be underlined here, that PN-92/B-01706 Polish Standard was cancelled
in 2009 and no new regulations have been introduced. Even European Standard PN-
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EN 806-3:2006 introduced in 2006 is not always applicable in designing of more
complicable systems (Jezowiecki and Nowakowski, 2011). According to its title,
this regulation suggests to use a simplified method of pipes dimensions calculating,
using load units (LU) depending on draw-off points types. Anyhow, the authors of
this book decided to discuss PN-92/B-01706 Polish Standard, being still in common
use. Also described in the third chapter CAD tool (Instal-San T) applies that stand-
ard for calculations.

One of the most important hydraulic parameters is water velocity in pipes,
which, according to PN-92/B-01706, should not exceed:

® 1.5 m/s in sectors between the raisers and draw-off points,

e 1.5 m/s in the raisers,

¢ 1.0 m/s in the distribution pipelines,

¢ 1.0 m/s in the water source connections.

It must be explained, that above presented maximum velocities are suggested
for steel pipes. In case of using of other pipelines types or materials it is suggested
to follow the producers instructions. In general it can be assumed that for plastic
pipes, maximum velocities can be increased for about 0.5 m/s comparing to steel
ones, anyhow it is suggested to verify this in above mentioned instructions.

Hydraulic resistance is the resultant of the following flow parameters:

e computational water flow,

e water velocity,

e pipeline dimension.

Thus, with this parameters it is possible to determine pressure loss in particular
sectors of the pipeline system.

In general, hydraulic pressure loses are divided into linear pressure drop and
pressure drop in pipe fittings. Theory for fluid mechanics and hydraulics is out of
the scope of this monograph, thus it will not be widely discussed in this place, any-
how it should be mentioned that linear pressure drop can be calculated using the
following formula (PN-92/B-01706):

Ap,:O.S-/i-i-v2 (1.5)
di
A — linear drop coefficient [-], depending on roughness coefficient “k”,
[ — length of the sector [m],
d; — internal pipeline diameter [m],
v — average flow velocity [m/s],
p — water density [kg/m’].
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Pressure drop in pipe fittings can be determined using the following formula:

Ap, =0.5-p- % (1.6)
¢ — coefficient of fitting pressure drop [-].

It must be underlined that for designing of water supply systems, hydraulic
pressure drop is calculated using simplified methods, based on application of
nomograms with visualized characteristics of pipelines. For typical pipes it is possi-
ble to use appendixes in Polish Standard PN-92/B-01706. Otherwise it is suggested
to use the diagrams proposed by pipes producers, where hydraulic characteristics
are presented for each pipe type and diameter depending on many factors,
even temperature.

For designing process and the design execution, the most important task is as-
signation of the suitable pipe diameters to the particular sections. They depend on
water flow and water velocity. Basing on those two, suitable pipeline diameter
should be assigned and linear pressure drop checked.

Also it must be mentioned here, that Computer Aided Designing applications
like Instal-therm HCR or Instal-San T are equipped with pipelines characteristics,
that are assigned to the projects during designing, which acquits the designer from
using the nomograms and makes work more efficient.

Considering pressure drop in pipe fittings, it should be mentioned that for
simplified calculations it is possible to assume the approximate values
of pressure loss. According to PN-92/B-01706, it can be assumed that fittings loss is
about 30% of linear loss, anyhow new literature sources suggest to assign the fol-
lowing values (Brydak-Jezowiecka et al., 1994; Sosnowski et al., 2000; Chudzicki
and Sosnowski, 2011):

® 20— 25% for steel pipes,

¢ 100 - 150% for plastic pipes.

This is mainly connected with improved hydraulic properties of modern pipes,
their lower roughness and thus smaller linear pressure drop.

Next step in water supply designing is to design and calculate hot water system
and hot water circulation system, if necessary. Designing procedure will depend on
type of the assumed solution.

Hydraulic calculations of hot water system are the same as cold water system
calculations, the only difference is connected to the smaller number of draw-off
points (not all sanitary equipment requires hot water — toilet flush tank, urinal bowl,
washing machine for example). Computational water flow of hot water influences
hydraulic calculations (pipelines diameters, hydraulic resistance, etc.)
and consequently it also influences total water flow of the whole system (at the
building entrance).
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According to Polish Standard PN-92/B-1706 and Chudzicki and Sosnowski,
2011, computational water flow in circulation pipelines is calculated using
two formulas:

0.,
At-C,
g — computational mass flow of circulation water [kg/s],
Q. — heat loss along circulation pipelines [kW] calculated using instructions
contained in (Chudzicki and Sosnowski, 2011),
At — computational temperature loss between the heat exchanger and the most
inconvenient draw-off point [K], (5+10 K),
C,, — water specific heat, [kJ/(kg-K)]
and

qmc = (17)

— VP u (1 8)
Y ’

gy — computational volumetric flow of circulation water [dm3/s],
u — number of circulation loops (between 3 and 5 per hour),
V, — water volume in hot water and circulation pipelines [m’].

Further calculations are based on the computational flow, which is greater from
the one calculated using the above formulas. This flow is a base for hydraulic
calculations:

e determination of hot water circulation pipes diameters,

e determination of hot water circulation pressure drop,

e determination of circulation pump,

® system regulation.

This procedure is not covered in this elaboration and is more precisely present-
ed in (Chudzicki, 2006; Muszynski, 2009; Ortowska-Szostak and Ortowski 2011;
Chudzicki and Sosnowski, 2011). Also, this monograph does not present the meth-
odology of determination of hot water heat exchanger, which can be also found in
the previously mentioned monograph and Polish Standard PN-92/B-1706.

Next step of water supply system designing is matching the suitable fittings
like water meter, backflow preventer etc. An important part of each water supply
system is a water meter which is used for water consumption determination and is
the base for official reckonings between water provider and the consumer. Water
meter topology is quite complicated and due to limitations of this monograph will
not be presented here, anyhow it can be found in the following monographs
(Gassner, 2008; Chudzicki and Sosnowski, 2011). Generally it should be under-
lined, that today’s standard is to use one water meter in single family houses (at
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system entrance) and several water meters in multifamily houses — main water me-
ter at system entrance and small, apartment water meters divided into cold water
and hot water type.

Water meter determination is also standardized in PN-92/01706, which means
that does not match current standards of water consumption (Gwozdziej-Mazur and
Tuz, 2002; Cholewa et al., 2009) and water meters selected with this method are
often overestimated, which in turn, may result in wrong readouts of water consump-
tion. Anyhow this Polish Standard has not been replaced by any official document
yet and this methodology is still valid and will be presented in this monograph.
Another attempts to the following task is presented in the following documents
(Ortowska-Szostak, 2011)

To match the suitable water meter, the computational water flow for the build-
ing (or part of a building) should be determined and assumed water flow of water
meter g, should be calculated according to the equation:

q,=2q (1.9)
g, — assumed water flow of water meter [m3/h],
g — computational water flow [m’/h].
After the assumed water flow is calculated, a suitable water meter device may
be matched to this parameter, comparing g,, with maximal water flow of water me-
ter g.ax, established by the device producer.

After the suitable water meter is matched the following conditions must
be checked:

qu“‘T‘X and DN <d (1.10)

which means that the nominal diameter (DN) of matched water meter [mm]
is not greater than the diameter of a pipe, where the discussed water meter is
mounted on.

Final step of water meter matching is calculation of pressure drop, which can
be done using data from the producers, comparing computational water flow with
pressure drop on particular device.

Another elements of water supply system, which should be matched at this
stage of installation designing are backflow preventers (system separators) which
protect water distribution network or part of the installation from backflow and
potential water contamination. Theory for backflow preventers is widely presented
in following documents: PN-92/B-01706/Azl: 1999, replaced by PN-EN1717:2003;
Gassner, 2008; Chudzicki and Sosnowski, 2011. From the point of view of the
problems considered within this monograph it will be enough to underline that the
following fittings may be used:
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e EA check vale backflow preventer — for domestic systems,

® BA backflow preventers — for increased requirements,

e HA system separators for hose connectors,

® GA system separators for Water Treatment Stations.

Matching of the proper backflow preventer is important due to water quality
protection, but it is also important for hydraulic calculations of minimal available
pressure. This is caused by high pressure drop on backflow preventers (especially
BA backflow preventers) which may strongly influence total pressure drop of the
water supply system (Skiba 2011; Widomski et al., 2011).

After the above presented elements of water supply system are calculated and
matched to the whole system it is possible to determine total pressure drop and cal-
culation of available pressure for the system, which can be calculated using the
below formula:

Puin =hgpg+p,+4p, +4p, +4p . +4p,., +4p,, (1.11)

Pumin — total pressure drop in water supply system [m],

h, — height difference between the highest draw-off point and main pipe [m],

p — water density [kg/m’],

g — standard gravity (9.81 m/s”) [m/s’],

p. — water pressure at draw-off point (5+10 m) [m],

Ap; — linear water pressure drop [m],

Ap,, — water pressure drop in fittings [m],

Ap,m — water pressure drop in water meter [m],

Apexen, — Water pressure drop in heat exchanger (depending on boiler room tech-
nology) [m],

Apy, — water pressure drop in backflow preventer [m],

After the available pressure is calculated, it should be compared with pressure
offered by water distributor. If the calculated available pressure exceeds pressure
provided by water distribution network, pump station must be applied to the system,
with the following parameters:

P, =1.2(pun = Pus) (1.12)

q,=12-q (1.13)

P, — pump station pressure [m],

Puist — Water pressure provided by distributor [m],

q, — water flow of pump station [dm’/s].

In case of single family buildings it hardly ever happens that minimal required
pressure is exceeded, which is caused by small complicity of domestic systems and
low geometric height of such a water supply system.
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Another significant element of water supply system, which does not influence
the hydraulic parameters of the system is insulation of pipelines. Insulation is main-
ly important for exploitation. Major tasks realized by pipelines insulation is
prevention from water condensation on cold water pipelines and prevention of ex-
traordinary heat loss on hot water and circulation systems. Regulations for pipelines
insulation are contained in Regulation of the Polish Minister of Infrastructure dated
12 April 2002 and are stated in Table 1.2.

Table 1.2. Requirements for thermal insulation of pipes and elements connected to water
supply systems (Regulation of the Polish Minister of Infrastructure dated 12 April 2002)

No | Type of pipe or type of element Minimal thickness of thermal
insulation (A=0.035 W/(m-K))

1 Internal diameter up to 22 mm 20 mm

2 Internal diameter between 22 and | 30 mm
35 mm

3 Internal diameter between 35 and | equal to the internal diameter of pipe
100 mm

4 Internal diameter over 100mm 100mm

5 Pipes and fittings from points 1-4, | %2 of requirements from point 1-4
crossing the partitions, ceilings or
pipelines crossing

Above described information and procedures concerning water supply systems
are basic and for professional application should be extended with other, more de-
tailed literature. Anyhow they should be helpful for those who start designing sani-
tary installations and should be treated as necessary introduction for Computer
Aided Designing techniques which will be presented in the further part of
this monograph.
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2 Description of the designing tool

2.1 InstalSystem 4.11 package

InstalSystem 4.11 package offered by the InstalSoft Company in full version
includes the following applications: Instal-therm HCR, Instal-heat&energy, Instal-
San T and Scan Combine. Information on the use of the Scan Combine application
can be found in the textbook Lessons for Instal — therm HCR, Instal — heat&energy
and Instal — San T software available via InstalSoft website.

The subject of this book is combination of Instal-therm HCR, Instal-
heat&energy and Instal-San T. Program Instal-heat&energy is intended for
calculation of heat load and seasonal energy demand for building within the current
Polish-European Standard PN-EN 12831: 2006. Program Instal-therm HCR is intend-
ed for the graphical part of the design: drawing and selection of radiators, heating
systems (double- and single-pipe systems) and radiant surface heating systems (floor
and wall heating systems). Both of these applications, as it has been underlined in the
introduction, are fully compatible and can work on a single file, which significantly
simplifies the designing process. Instal-San T program is intended for the designing
of water and sewage systems, which will be described in the second part of this study.
It uses the same file type and is compatible with both above described applications.

M| InstalSystem EN| - Package Manager, |'l||'E||5|
‘ L [ Update ]B [ Run pragram ]
LlinstalSOFT  mosnse
wannw instalsoft com [ Catalogue browser = ] [ Open help + ]
Easy and professional designing mailtocinfoinstalsoft. com
[ Activation = ] [ Service - ]
I Projects Data files
Unarouped calculation Files Mew project = * Euilding and installation InstalSystem File MNew file +
Detached_house Therm_hie_lesson_5
Lessons Therm_lesson_2
Project description File description

Figure 2.1. Package Manager for InstalSystem EN
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The launch of InstalSystem package is executed by the Package Manager
(Figure 2.1). The Manager enables program activation by entering the required li-
cense, update and view of the available catalogues and support of service. New
projects are archived in the folder created in the Documents folder of user's com-
puter (this location is selected automatically, but it can be changed during installa-
tion). Files editing requires the launch of one of the applications included in the
package. Building and installation files of InstalSystem package have the extension
*.isb, and backup files — *.~ ib.

2.2 Description of Instal-therm HCR and Instal-San T
windows

Since both applications are intended for drawing of installation, the main win-
dows of Instal-therm HCR and Instal-San T look the same. They differ only in the
project edit scopes (Figure 2.2). In the Instal-therm HCR application it is possible to
edit the following scopes: Heating, RH loops drawings, Construction, Base,
Printout, while under Instal-San T only San, Construction, Base and Printout are
active. That is why the more detailed description will be presented only for Instal-
therm HCR, as this part of package is more complicated.

Fle Edic ComponentsNWodules  Compenent data  Options  View  Help m!:,'f.‘.:.lﬂ
Sege=Eros PLREs R 0 8

T o\, Ntar ARadiant AFittings Grauh%
ff'r S s O A A A A T 2{‘\“\:...
o Lo - |[Nocomponents ]
LG Standard toolbars
a " .
Y[~ Main menu
@ o
@z Drawing area Data table F12
@ .
@ Functions toolbar (workspace)
%4
o
{'7 r—
=l
;: Drawing aids
?‘Eg Worksheets tabs (Operating modes) Edit scopes
& List of errors

XPrint

Figure 1.2. Instal-therm HCR main window



30 A. Zelazna, Z. Suchorab

The main menu of Instal-therm HCR consists of the following fields: File,
Edit, Components, Modules, Component data, Options, View and Help. It is sug-
gested to check the functionality of each program feature by the user himself. Be-
low, there are the main component functions described:

File: except of the standard functions as opening, closing and saving the file, it
allows to start calculations, manage worksheets and import or export drawings.

Edit: it contains the basic Windows system functions like Copy, Paste, Delete,
but also a useful selection tool, which allows to select components of the particular
type (for example only radiators, walls or base, depending on the project
edit scope).

Components: this tab contains functions useful for installation drawing, like
automatic connection of elements, lock, flip, division, etc..

Modules: it is a useful option for installations drawing, where some recurrent
group of components can be saved as module and pasted in the necessary localiza-
tions.

Component data: it includes functions which allow to add room numbers au-
tomatically, check connections between elements and create the pairs of primary
and shadow elements.

Options: they contain Project options (F7) and catalogues database. Project
options are the significant part of designing and they will be described in the practi-
cal part of the book.

View: it contains zoom scales, as well as the toolbar options and other elements
visible in the window of program. Furthermore, it allows to show the critical hy-
draulic circuit.

Help: it contains the menu of help and connection with service website.

The next element that needs to be described is a Standard toolbar. This toolbar
is consisted of several tabs. There are two constant tabs: Program and Functions,
which are available under all the project scopes. Functions toolbar is visible all the
time at the left side of the window as a separate tool (Figure 1.2). A rest of the tabs
differ depending on the project scope. For example, in scope of Heating, there are
additionally Network / radiator, Radiant, Fittings, 2-pipe and I-pipe tabs, including
elements of heating installation to be added to created drawing. Under RH loops
drawing, there is an additional tab called Radiant, where polylines for drawing the
circuits (automatically or manually) are situated. Under Construction edit scope,
Standard toolbar is additionally consisted of Elements tab, where the partitions of
building and other elements connected with its structure can be found. It should also
be mentioned, that the Standard toolbar can have different commands and icons in
the worksheet of schematic view, which will be described below.
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Worksheet tabs allow to move between different parts of the project of build-
ing. It is an important information because in Instal-therm HCR and Instal-San T
every storey of building has to be located in separate worksheet. In standard option,
we have two basic worksheets: Worksheet I and Worksheet 2, representing plan
view and schematic view of the installation respectively. Plan view aims in presen-
tation of storey, while schematic view is intended to show the developed view of
installation. Because of these differences, the editing of schematic view is possible
within the scopes of: Heating, San, Construction and Printout. The meaning of
commands included in the toolbars is also adjusted to this kind of drawing.

The workspace is enclosed on left—hand side and top by the rulers. These rulers
(horizontal and vertical) are intended to control the position of components of the
drawing. The button between the rulers enables changing the current scale. On the
opposite side of the workspace, there are sliders, again vertical and horizontal. They
are used to move the drawing area. In the corner between the sliders, there is the
navigator, which assists moving within the workspace.

The list of errors is necessary for the appropriate hydraulic calculations of the
installation. There are three types of basic statements:

errors — the most important messages, displayed in capital letters. All errors
that occur in project must be corrected; if not it will be impossible to achieve all
results of calculations,

warnings — the messages less important than errors. They do not block further
calculations. Warnings are usually connected with data or results that should
be checked,

hints — the messages aiming in reminding of some data or results. Hints do not
block further calculations.

To check where exactly the element with error is situated, it is necessary to
click on the chosen message. The wrong or suspicious element will be then under-
lined by yellow color.

Drawing aids called also operating mode fields are intended to facilitate the
drawing functions. They include:

ORTO - allows to draw only in horizontal or vertical position.

LOCK - locks the elements on drawing so that they cannot be moved.

GRID - allows to draw only with some specified distance.

AUTO — an automatic search and connection of components to the closest one.

REP — repeating of the selected command.
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2.3 Description of Instal-heat&energy window

Since the Instal-heat&energy application is intended for calculation of heat
loss, it does not contain the worksheets with graphical presentation of building.
However, as it was underlined in the introduction, it cooperates and is fully
compatibile with Instal-therm HCR, which in practice means that all the dimensions
of building partitions are imported from the graphical part of the project and
do not have to be introduced manually, which is characteristic for the
competitive programs.

The main window of Instal-heat&energy is presented in the Figure 2.3. It con-
tains the program menu (File, Edit, View, Tools, Window, Help), editing categories /
subcategories, clipboards, main toolbar and list of errors. Editing categories are the
most important part of the program and therefore they will be described in detail.

The main editing categories include General data, Partition definitions,
Building structure and Calculation results. All of these are divided into subcatego-
ries, which include one or more data tables accessible as tabs.

General data includes five subcategories:

Project description — this subcategory includes data table to fill in the descrip-
tion of the project, information about developer and designer, as well as info
about the file.

Calculation standards and options — they are divided into General, Name pat-
terns and Results units. Name patterns and Results units are intended for the pre-
definition of building elements’ names and units of results expression, while
General category includes the important settings for calculation methods and allows
to choose the standards for heat loss and thermal bridges computation.

Building data — another important category divided into two tabs: Climatic
data and Heat loss calculation data, where the choice of weather station and some
characteristic of a building is possible. The data include type of building, sheltering
class, tightness, ventilation type and characteristic dimensions.

Radiator sizing data — options for radiator selection in the case that the appli-
cation is used only for heat losses calculation and radiator sizing, without the graph-
ical presentation of project.

Expression variables — characteristic values of predefined storey height, floor
thickness, etc.
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Figure 2.3. Fragment of the main window of Instal-heat&energy module

Partition definitions enable the calculation of heat transfer coefficient
U [W/m’K] by the use of building materials data library. Each partition of a build-
ing should be defined as consisted of individual materials, characterized by the den-
sity, specific heat, thermal conductivity (library data) and thickness of a layer (user
data). The mode of definition creation will be described in detail in the practical
part of this book.

Building structure includes the list of storeys, rooms and partitions and their
characteristics of the calculated building. It is an useful tool to check the correctness
of automatic computations (if the heat loss in the room is not calculated properly, it
will be marked as “???” and the mistake is easy to be found in the list of partitions).
In case when the project is only calculated in the Instal-heat&energy module, it
enables to count heat loss by the creation of new rooms with partitions of specified
dimensions and types defined in the Partition definitions.

Calculation results feature is intended to export the final results to the MS Ex-
cel file or to print them out directly from the program. The results are divided into
several categories (General data, Results for building, Room parameters, List of
heat losses in rooms, Room data and results, Data and results for partitions,
Partition list, List of heat losses through partitions, List of radiators in rooms, List
of radiators), which can be printed separately.
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3 Examplary design of sanitary sysems

In this chapter, two complete examples of installations designing in
InstalSystem package will be presented. The first case, described in section 3.1.,
concerns the heating installation designing, including design heat load calculation,
hydraulic computations and graphical part of project. In the second case, the atten-
tion was paid on the water supply system in the designed single-family building.

3.1 Project of central heating installation for the detached house

3.1.1 Creation of a new file

The first step of the designing in InstalSystem package is the use of Package
Manager. The main window of Package Manager is presented in Figure 3.1. It is
consisted of two main areas with the list of folders (left side) and the list of files
(right side of a window). Moreover, it includes the buttons for editing of the new
file or project (folder), as well as the buttons for update, activation, catalogues data-
base search and support. The installation and activation of the program is described
in the producer’s guidelines (www.instalsoft.com) and it will not be discussed here.

When the program is activated, it is necessary to start a new file. For the
organization purposes, it should be preceded by the creation of a New project,
which means the new folder with the new Instal Package file. By the use of New file
button, it is possible to create new Word, Excel, text or *.isb files. It is necessary to
enter a name of the file.

Wl InstalSystem EN - Package Manager

I‘J instals-OFT InstalSoft S.C [ Update ]E] [ Run program -
wwnew. instalsoft. com [ Catalogue browser = I [ Open help «

Easy and professional designing mailto:info@instalzoft. com

@
UL U ]

[ Activation - I [ Service
"~ Projects Data Files
Ungrouped calculation files Mew project = * Building and installation Instalsystem file New file +
Detached_house " J project 1
Lessons

Figure 3.1. Fragment of the InstalSystem EN Package Manager window
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For the purpose of this book, a new project Detached house and a new file Pro-
ject 1 were created. The file will be base for further calculations both for heating
and water supply installations.

3.1.2 DWG base import to Instal-therm HCR

After opening the file Project I in Instal-therm HCR (by the use of right button
of a mouse) it is crucial to import AutoCAD base. There are two main ways of
DWG files import. In the case of detached houses it is easy to prepare the base for
automatic reading in the program, therefore the stage of base import in Instal-therm
HCR is short. However, the file needs to be specially prepared in AutoCAD (Figure
3.2). Firstly, all the main elements of building structure like walls, windows, doors
and other elements (ex. stairs) should be drawn in separate layers. Moreover, the
building should be placed in 0,0 point in AutoCAD coordinates’ system. Every
separate storey of building has to be placed in separate file, in the same point with
coordinates 0,0. The files should be saved as “ground_floor.dwg” and
“first_floor.dwg” in AutoCAD 2000 format.

00 Tm wals 3
T@e B0

Q@ °:|‘E. stairs

0@ om

3D B windowstdoors

Figure 3.2. DWG base prepared for import

As it can be seen in the Figure 3.3, the import of a new base is done in the Base
(or other) edit scope by the use of Import base from DWG/DXF file icon from
Program main toolbar. The same command is available throughout the File field.
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Figure 3.3. The DWG base import — edit scope Base and command icon in Program toolbar

After the selection of Import base from DWG/DXF file command, the new ad-
ditional window with the access path to DWG file is open. It is necessary to find the
right catalogue with DWG base (prj. Detached_house in this particular example,
Figure 3.4) and cancel the fonts’ files (Figure 3.5).

Soukajwe | [E3 IrataSytem EN * OF S

Sipri Detached house
Ei Cdipr) Erargle
Hoje bezgee P Lessors
dokumenty

Meagd | v
[ come ]

Mo reepsca Pl hpu Hudocad " DF " DWW DB - Cancs
[ Podgiert

Figure 3.4. Access path to DWG base selection window



Computer Aided Designing of Sanitary Installations 37

Saukaiw, | 63 pei Detached_house v| O &

Mg beedge
dokumenty

€

Puipd

e

Moje dokumenty

My komputer

Marwaplh M vl o |

Moje meeica | Pk lypu | SHEA 3o v | Cancal |

Figure 3.5. Fonts cancellation using Cancel Button

If the access path is already accepted, the new window of DWG base import
appears. The file import process is divided into four main steps. First of all, the Unit
of measure in the drawing is required to import the base in the right scale. This unit
can be selected from the developed list as 1 mm, 1 cm, 1 m, etc., depending on the
unit of drawing in DWG file. If the designer does not remember the unit of meas-
ure, it is possible to select the most probable unit (for example 1 cm) and measure
some particular elements in the building, like doors, which are usually about 1 me-
ter wide, to confirm the assigned unit. After verification of the selected unit, it is
allowed to click Continue button in the top right corner (Figure 3.6).

[ %abort ][ 4 Back || contime b

Figure 3.6. The unit of measure in the drawing selection window
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In the case, when the imported file is prepared in the described previously man-
ner, the selection of drawing layers with walls is the next step. Figure 3.7 presents
the properly drawn walls (closed rooms without the brakes for doors and windows).

Select drawing layers with walls. [ ] [ ] [ - ]
Make sure the wall thickness range is correct. X abort <l Back Continue b

E‘an@,:;:§+ =
[

Wl thickness range

Hiimum

Maximum

[ Draning layers

Lo
[ stairs

[ windowsgdoors

-

Selected bypes of wals

(1,418, 0,062, 0,000)

Figure 3.7. Walls layers selection window
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Figure 3.8. Doors and windows layers selection window
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It is crucial to remember about the thickness range of the walls which means
the distance between two lines that will be interpreted by the program as partition.

Continuation of import process means the selection of drawing layers with
windows and doors as the next step. Figure 3.8 presents the examples of properly
drawn windows and doors (recognized in program types). As well as the types se-
lection, it is necessary to remember about the width range of windows and doors.

The final step of import is the selection of every AutoCAD layer that should be
imported to Instal-therm HCR as a drawing. In the case of discussed example, these
layers include stairs, walls and windows&doors (Figure 3.9). After completing the
list of layers and clicking Continue button, the statement Interpretation complete
(Figure 3.10) appears. After confirming by OK, the designer is moved back to the
Instal-therm HCR window.

Select drawing layers to be Ipaded as drawing. [ X Abort ” « Back H Continue

[w]aa@ s o

[¥]tmport hatches (hatch)

[ Drawing layers

(8,841, -0,010, 0,000)

Figure 3.9. Drawing layers selection window

| i) Interpretation complete

' Ok

Figure 3.10. Final DWG import statement

Except of the described above, there is a second import manner. If the drawing
is not prepared for the import, it can be simply read by the program as the base and
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edited under Base edit scope. The interpretation of partitions is not needed then, so
the second (wall layers) and third (doors and windows layers) steps of import pro-
cedure should be neglected, which means continuation without the layers choice.

However, the user of InstalSystem package has to remember that without the
interpretation of partitions, it is not possible to fulfill the design heat load calcula-
tions automatically. It means that the described alternative import manner is useful
for Instal-San T users mostly. This manner can be also practical if the application
user prefers to draw the building in Instal-therm HCR, using drawing functions
available in Components toolbar in the Construction edit scope. Some of these func-
tions are described in the next chapter of this book.

3.1.3 Building structure formation in Instal-therm HCR

After completing the DWG base import, the user continues work in Instal-
therm HCR. The interpreted structure of building should be checked then in Con-
struction edit scope. In Figure 3.11, there is the ground floor of the designed build-
ing, presented after the import of DWG base with interpretation. It is necessary to
check if:

¢ all the walls have the connection point with adjoining partition closed (the

shape of small square; if they are not connected properly, the connection
point has a shape of larger, empty square and there is no room area
hatched),

¢ all the windows and doors were interpreted properly (they are visible),

e other elements like openings in walls are marked in the drawing.

In the case of ground floor base imported as example, there are some openings
in the wall between the kitchen and the living room which were not automatically
interpreted. It means that these element should be drawn by the use of commands
placed at Elements toolbar.

Before starting the edition, it is recommended to change the visibility of DWG
base. This base is automatically shadowed because it may disturb the clearance of
the drawing.

If it is needed to use the base, its visibility should be changed to simplify the
localization of drawn elements (Figure 3.12). This change can be done in Base edit
scope by simply clicking the area of building (the selection of base) and changing
Color highlighting in Data table. The Data table related to base can also be used
for changing: the visibility of selected layers, Auto mode settings and visibility of
all the base drawing.



Computer Aided Designing of Sanitary Installations 41
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Figure 3.11. Interpreted construction of building
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Figure 3.12. Base visibility change in data table

After the change of base visibility, the openings in the wall are easy to notice
and measure. The measurement can be done by Length measurement command
from Functions toolbar (Figure 3.13). Having the dimensions of openings
measured, the user can move back to Construction edit scope.
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Figure 3.13. Length measurement of openings in wall

Every element of building structure like room, wall, window, etc. can be
selected by simply click on its area (description of room, wall axis, middle
of doorway).
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Figure 3.14. Insertion of opening in wall
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The elements like doors and windows are not independent, they can be only
treated as a part of a wall. That is whyj, it is not possible to insert the door anywhere
in the drawing. The same situation takes place in the case of openings in the walls.
To insert it in the right place, it is necessary to use the third icon from Components
toolbar and click in the axis of wall. The inserted opening has the default width
equal 1,65 m, which can be easily changed into the correct value by the use of Data
table (Figure 3.14).

As it can be noticed, the Data table includes information about the wall (Sizes,
Technical data and Radiant heating); it is characteristic for every dependent ele-
ment like door and opening, that it is not possible to be selected separately and its
data is located at the end of wall Data table.

The insertion of opening in wall was the only example of manually drawn ver-
tical element in Instal-therm HCR. However, the same rules and procedures take
effect in the case of other elements of building structure, like floor, ceiling, window,
etc. The insertion of Horizontal partition: floor is presented in Figure 3.15.

NOTE: Floor should be added to every room on all storeys, while Horizontal
partition: ceiling should be used only as a roof on the last storey.
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Figure 3.15. Insertion of floor

Because of the fact, that partitions and their dimensions are used to calculate
the design heat loss for rooms, the floor can be divided into several pieces. It hap-
pens when the layout of rooms on ground floor differs from the one on first floor.
Therefore, Horizontal partition: floor inserted on the second storey (sleeping room)
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may consist of two sections in the case when there is kitchen and the part of living
room below this space.

The next step of building structure editing is the addition of new worksheets.
As it has been described previously, the worksheet of Plan view represents one of
building’s floors, while Schematic view is designed for drawing of the schematic
view of installation. Therefore it is necessary to add two new worksheets in the
described project. The Worksheet Management window can be open by the use of
deliberate icon from Program toolbar (Figure 3.16) or by clicking the name of
worksheet with the right button of mouse.
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Figure 3.16. Worksheet management icon in Program toolbar
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Figure 3.17. Window of Worksheets

By the use of Worksheets window (Figure 3.17), it is possible to select as pres-
ently edited, name, insert new, copy or delete worksheets. Moreover, this window
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enables to select worksheet as not calculated, which may sometimes be useful in the
case the calculations should be run for chosen storeys only.

In the presented example, the new worksheet of First_floor was created. The
procedure of DWG base import is parallel to the described previously and will be
skipped in this part of the book. The plan view of second storey in Heating edit
scope is presented in Figure 3.18. In the further part of project, additional storey of
Attic will be created, to enable the proper calculation of design heat loss for the first
floor. The attic will not be heated, it is assumed to have no usage function. It is used
to simulate the heat transfer through the space between the last ceiling and final
roof of building.

B g NN

Figure 3.18. Plan view of second storey of building

To identify the particular rooms in the building, it is necessary to enumerate
them. It can be done automatically by the use of Assign numbers to rooms com-
mand from Component data in Program Menu (Figure 3.19). This command works
as simple click in the Room label area. Numbers consist of storey number and room
number; storey numbers can be changed through Options / Building Structure.
Numbers can be also assigned manually in Data table of every room.

It is also recommended to add the descriptions (kitchen, living room, hall, etc.)
to all rooms. To make the descriptions visible in Room label, it is necessary to
change its settings by the use of Project options (F7). Options are automatically
started with the opening of new file in program and they can be changed in every
stage of the project.
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Figure 3.19. Numbering of rooms through automatic command

The main options window (Figure 3.20) consists of ten categories like: Project
info, Building data, General data, Catalogues, Default types, Radiant heating,
Building structure, AUTO ORTO GRID, Edit, Components appearance.
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Figure 3.20 Project options and selection of the weather station
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While opening the new project, it is recommended to start with Catalogues /
Climatic data, choose the country and then select Weather station in Building data.
In the presented example, designed building is located in Lesko, Poland.

The necessary change of Room label settings can be achieved by the use of
Component appearance / Construction, as it is presented in Figure 3.21. In Compo-
nent styles, Room label can be found. When it is selected, Configure button be-
comes active and it is possible to change the content of description according to the
Label list. It is necessary to show the place of insertion for the selected label by the
use of red cross in its middle part.

Except of the content, it is also feasible to change the size, lines, shape, back-
ground and font of the description upon the wish of the designer. After completing
the changes, it is necessary to confirm them by clicking OK button.
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Figure 3.21. Management of Room label appearance

The performed change in appearance settings can be noticed as additional de-
scription in Room label. In fact, this is the end of construction editing stage. How-
ever, in the case of presented example, it is also necessary to change the setting for
the Pantry, which will not be heated room. It is recommended to change this basic
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setting before the calculation of design heat load is done. The change can be
achieved by the use of Data table / Technical data for room (Figure 3.22).

In the case when the default dimensions of partitions like the height of walls on
attic are not correct, it is compulsory to change them. The change may be done by
the use of Data table. Moreover, to fasten the work, it is recommended to use Select
in rectangle the components of type... command from Functions toolbar, and as
a type, Walls / External should be selected. It allows to select all the external
walls on edited storey at the same time and change the height for all of
them simultaneously.

The same command may be useful for selection of roof element to change its
specific angle to horizon in Data table. In the described project, this angle equals 15°.
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Figure 3.22. Technical data change for Pantry

After the described corrections, graphical part of the building structure inter-
pretation is completed. To continue designing process, it is necessary to save pro-
ject and move to Instal-heat&energy.

3.1.4 Defining partition structure in Instal-heat&energy

To open project in Instal-heat&energy it is necessary to use Package Manager
and edit project file (Figure 3.23) or start program and select Open file command
from the standard toolbar.
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Figure 3.23. Opening the project file in Instal-heat&energy using Package Manager

Working in Instal-heat&energy requires selection of the basic settings in General
data category and Calculation standards and options subcategory. The chosen stand-
ards package is European, which means that EN 12831 Standard is used for heat loss
calculation and EN ISO 6946 for heat calculation of partitions (Figure 3.24).
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Figure 3.24. Selection of general Calculation standards and options for the project

Some of the important settings for heat calculations are placed in Building data
subcategory (Figure 3.25). Except of the Climatic data, which in this case are
imported from Instal-therm HCR (building localization in Lesko), Heat loss
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calculation data has to be checked. Most of this data is imported automatically (di-
mensions of floor on the ground), the rest as Building structure type, Building tight-
ness, Building sheltering class, Ventilation type and level of ground h,, have to be
introduced manually.
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Figure 3.25. Selection of Heat loss calculation data for designed building

The next step, after completing the settings, is declaration of construction and
properties of the partitions. At this stage of the design, the List of errors displays
numerous information about the improper values of heat transfer coefficients for
partitions. Since the definitions of partitions’ structure are not prepared yet, this list
should be currently passed over.
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Figure 3.26. Creation of new partition definition
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Declaration of partitions’ structure is performed through the Partition
definitions category. By the use of icon starting the command Add partition defini-
tion it is possible to create new partition structure (Figure 3.26).

In this example, the external wall will be the first partition defined. First of all,
it is necessary to fill in the basic options like Name, Description (if needed), Man-
ner of partition definition, Partition type. Heat flow direction is read automatically
on the basis of partition type. In the case of external wall, it will be defined by lay-
ers (materials used for its construction). Therefore the manner of its definition
should be chosen as Partition with defined layers. The table with materials and their
properties is then displayed below the options. To switch to the list of materials
contained in program database (Figure 3.27), it is necessary to click the small rec-
tangle with three dots located on the right side of the Material column (Figure
3.28). Declaration of partition structure should be started with internal layer (plas-
ter), which is shown as a symbol of two thermometers (warm and cold) in the
first column.

Available materials

Enter first letters of the material: d o 5 @ " R
[ | ] | [kaim3] | [wim] | [3fikak)] [-] [im & Kk)w]
&2 polyurethane (PUR -hard foamed plastic ... a0 0,040 1460 (5,000
- #F PS-hart foamed plastics (extruded foam) ... - 25 0,030 1460 165,000
- #F PS-hart foamed plastics (extruded foam) ... - 25 0,035 1460 165,000
o PS-hart foamed plastics (extruded foam) ... - 25 0,040 1460 165,000
o PS-hart foamed plastics (particle foam) ac... - 15 0,035 1460 35,000
o PS-hart foamed plastics (particle foam) ac... - 15 0,040 1460 35,000
o PShart foarmed plastics (particle foam) ac... -~ 20 0,025 1460 50,000
o PShart foarmed plastics (particle foam) ac... -~ 20 0,040 1460 50,000
o PShart foarmed plastics (particle foam) ac... - 20 0,025 1460 70,000
& PShart foamed plastics (particle foam) ac... - 20 0,040 1460 70,000
& urea-formaldehyde (UF)-DIN 18159-1 gro.., — 10 0,025 1460 2,000
& urea-formaldehyde (UF)-DIN 18159-1 gro.., — 10 0,040 1460 2,000
o wiood wodl layers (single layers) thickness,., - 360 0,065 1460 2,000
o wiood wodl layers (single layers) thickness,., - 360 0,070 1460 2,000
o wood wodl layers (single layers) thickness... - 360 0,075 1460 2,000
o wood wodl layers (single layers) thickness... - 360 0,080 1460 2,000 -
o wood wodl layers (single layers) thickness... - 360 0,085 1460 2,000
o wood wodl layers (single layers) thickness... - 360 0,090 1460 2,000
-oF wood wodl layers (single layers) thickness... - 480 0,150 1460 2,000
-oF wood wodl layers (single layers) thickness... - 480 0,065 1460 5,000
Shaw ait layers first
82:22?:2;‘”% |Sort by name N | ok
I wood wool layers (single layers) thickness 10<d <25 mm (460)

Figure 3.27. Selection of the external wall layers from project database

The structure of external wall defined in the example is declared as follows:
gypsum plaster, full brick, PS insulation, external plaster. For all these layers it is
necessary to fill the column d (thickness), the other information is read from data-
base. On the basis of the completed structure, calculation of heat transfer coefficient
is fulfilled. The additional value AU will be added to the specific partitions in build-
ing, depending on their location.
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Figure 3.28. External wall defined by layers

The above described example of partition definition can be used for any type of
wall, floor on ground, ceiling and even roof. Partitions like windows and doors should
be defined according to the second available manner: Partition with specified U.
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Figure 3.29. Window defined by the specified U coefficient

Usually the heat transfer coefficient U is given by producer and it ought to be
written in an empty space in data table, as presented in Figure 3.29. It is crucial to
remember about the Partition type, to be changed. If the computational part of the
project is done using the graphical base, the dimensions of window should not be
completed here, since they are read from the drawings.
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The third manner of partition definition is called Non-uniform partition. It can
be used in the cases, when the partition structure is not homogeneous. The example
of a roof presented below can be treated as such partition, because it is consisted of
the constructional elements (rafters) and insulation between them. Therefore, the
declaration of roof structure needs to be carried out in three particular stages:

e definition of construction part (Figure 3.30. Definition of constructional

part of roof by layers — constructional part (rafter)Figure 3.30),
e definition of insulated part (Figure 3.31),
e definition of the two structures’ shares in roof area (Figure 3.32).
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Figure 3.30. Definition of constructional part of roof by layers — constructional part (rafter)

Constructional part of the roof is built of the spruce rafters, vapor barrier and
tiles, while in insulated part, the rafters are replaced by the foam glass. It is easy to
create insulated part (Roof 2) as a copy of the constructional part (Roof 1) by
changing only the selected material in the list.
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Figure 3.31. Definition of insulated part of the roof by layers — insulated part
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Roof definition as non-uniform partition requires the declaration of predefined
partitions’ shares in total roof area. For the purpose of the presented example, it was
assumed as 10% for constructional part and 90% for insulated part.
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Figure 3.32. Roof definition as non-uniform partition

In the presented example of building, there are ten main types of partitions de-
fined. The total list is consisted of:

e external wall,

e window,

e door (external),

¢ internal wall (constructional),

¢ internal wall (partition),

e door (internal),

e floor on ground,

¢ internal floor (between ground floor and first floor),

¢ internal floor (between first floor and attic, additionally insulated),

® roof.

All these partitions, with calculated heat transfer coefficients must, be then lo-
calized in the graphical part of the project. Therefore the continuation has to be
carried out in Instal-therm HCR.

3.1.5 Partition type identification in Instal-therm HCR

Identification of partition types (combination of graphical elements and de-
fined structures) is carried out under Construction edit scope in Instal-therm HCR.
Data table for elements of building structure contains Technical data, including
Partition structure type. Because the types were predefined in Instal-heat&energy,
after selection of walls, only such types of partitions can be chosen from the devel-
oped list in Data table.
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To facilitate the process of identification, it is recommended to use again the
known command: Select in rectangle the components of type..., which at the begin-
ning enables selection of the external walls only. When they are selected (Figure
3.33), it is possible to choose the Partition structure type for all of them simultane-
ously. It was selected as the “External wall” and therefore the value of heat transfer
coefficient is automatically read as 0.2 (imported from Instal-heat&energy).

Since windows and doors are not autonomous elements, they are displayed as
a part of the wall, so their data is located below Technical data and Radiant heating
in the same Data table as wall data. Therefore, having walls selected, it is possible
to identify the types of windows and doors at the same time.
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Figure 3.33. Identification of external wall, window and door type

The same procedure is not always opportune for the internal walls and doors.
As presented in Figure 3.34, there are both constructional walls and partitions on
this floor. Because of the diverse structure of these two walls, they have to be iden-
tified manually. Recommended procedure starts with the selection of all internal
walls, which should have been given the type “Internal wall (p)”. The selection of
all internal walls excludes the situation when any part of a wall is missed. Then, the
doors should be identified as internal type, defined previously.

After this, the manual selection of constructional walls should be carried out.
To keep once clicked element selected, Shift button is used, which allows to mark
several elements simultaneously. Therefore it allows to change partition structure
type for selected elements, as presented in Figure 3.34.
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Figure 3.34. Identification of internal walls (construction type)
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Figure 3.35. Identification of floor on ground type

On ground floor storey, there is also a floor on a ground to be selected and
identified. The selection can be done by the same command as previously (Select in
rectangle the components of type / horizontal partition / floor). In Data table,
Technical data is located below information about floor size. Partition structure
type should be selected as “Floor on ground”, previously defined in Instal-
heat&energy (Figure 3.35).
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3.1.6 Heat loss calculation in Instal-heat&energy module

Heat loss calculation requires some corrections of the default settings in
Instal-heat&energy module. First of all, the minimal ventilation rate for sanitary
accommodations like bathroom, kitchen, shower, etc. should be changed. The rea-
son is the fact that in such types of rooms there are ventilation grilles located, which
are designed to ensure the exchange rate up to 1.5 1/h. The correction can be done
in the right data table as highlighted in Figure 3.36.
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Figure 3.36. Correction of minimal ventilation rates for sanitary rooms

The second important change is halls combination. In the graphical part of
program, there is no possibility to mark that the stairs are the constructional part of
two storeys. That is why in the computational part intended for heat loss calcula-
tions, there is a possibility to change the dimensions of walls manually (required for
those surrounding stairs) and to combine two rooms into one. It is important, be-
cause after combining it, it is more feasible to design heating element (stairs can be
heated by the radiator located between the floors).

To combine two rooms, they have to be located in the same building unit. If
not, it is recommended to combine the building unit firstly by selecting it (left but-
ton of a mouse + Shift) and using Combine building units command (right button of
a mouse). Then, the same procedure can be carried out for the selected rooms by the
use of Combine rooms command, as presented in Figure 3.37.

In buildings equipped with basement, partially recessed in the ground, there is
also need to change the dimensions of external walls on the storey of cellar to the
height above the ground. Then, it is necessary to add partitions to the rooms with
the external walls. These partitions should have type: Walls near ground, and the
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length of external walls. The height of the wall near the ground is therefore equal
the difference between the height of a storey and external wall above the ground.

|2 |3 |4 |5 |a |7 |a |g ‘m ‘n ‘u ‘13 ‘14 ‘w

Aﬁ@'§§|§mﬁddmnm F7 ﬂi‘
m Add room in selected paint Ins
General data X Delete roomis) Ctri+Del  RoOm
it Partition definitions
Eaui\dmg structure Separate rooms
@ Calculation results Move ko main room

Select al linked rooms

Wentiation For heat loss

nsg=

Renumber all raoms
Renumber selected rooms

Renumber all rooms using smpty numbers

e
FTEOI EI' #dd partition Chrl+FT
H-# 3 0-Ground_floer add partition from adjacent room

=-# B 01

# T 005 - Siee| i Find component in error tree/lst
~# ] 002-Bolg  piove to partiion definition

o L 006 - L Sa¢ Find voom n Instal-therm HCR
-# L 007 - kit b
28

Hall
- £ n03 - BatH Sart roams in building urits by symbol
-# ] 008 - Pani Find building unit in tree

Sort building units on storeys by symbol

:._.,“, 1 oo1-Hal Find roam in tree Chl+F

= 1 - First_Ffloor

=i 01 Copy ChrC
# 0] 102 Slee| £ Chrl4
# L] 104-5) Chrl+

# L1
~# L] 105 - Bathroom (thex

Figure 3.37. Combination of halls: 004 and 101 (stairs) into a single accommodation
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Figure 3.38. Calculation results for building — heat loss and total heat load
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After completed corrections, calculations of heat load for building are finished.
As presented in Figure 3.38, total heat loss of building equals 7.26 kW and
it is consisted of heat loss due heat transfer (4.1 kW) and heat loss due
to ventilation (3.16 kW).

The detailed results of heat loss calculation for selected accommodation are
presented in Figure 3.39. The table in the top of drawing contains the list of parti-
tions with their dimensions, temperature differences, heat transfer coefficients and
the final values of heat loss due to heat transfer. Below the table, there is infor-
mation about ventilation fluxes and related heat loss.

Orient, | Type 0 be  lghe Ag Ag subp Ae des e.|:lL_| 85z Fekr{bu u ALth Ug Ht 7
nn HIE A
FL 1 - | 13,38 - 13,38 g - | 0,312 0,30 0,00 0,20 1,22 51,1
W Ew | 1 3,95 2,80 11,05 2,15 8§90 e -220 1 0,20 0,00 0,20 1,78 74,5
W EWE 1 1,79 1,20 Z,15 — | 215 e 1 1,15 0,40 1,55 | 3,3 140,1
W 1 2,96 | 2,80 8,28 - 828 i 20,0 0 0,87 0,00 0,87 | 0,00 0,0
W 1 1,04 280 29 176 L,16] | 20,0 0 0,87 0,00 0,87 | 0,00 0,0
) 1 0,84 2,10 1,76 - L7 0 3,70 0,00 3,70 0,00 0,0
M Ew | 1 3,39 2,80 9,49 - 949 e |-22,0 1 0,20 0,00 0,20 1,90 79,8
IF 1 - | 13,38 - 13,38 20,0 0 2,13 0,00 2,13 0,00 0,0
W 1 2,40 2,80 6,73 - 873 20,0 0 0,87 0,00 0,87 | 0,00 0,0
Heat loss due to heat transfer Hy/ ®1 8,2 346
Vi 3k
Min vent. air Flux in 1220 ™ ! 174
W 3h
Infiltration air flu inf ez ™ ag
ey - F 3h
Mechanically supplied air Flusx suoTw m
3 . 3
Excess exhausted air ¥mech,inf mth
\ 3
Yentilation air flux v 12,20 mh
Heat loss due to ventilation Hy / ®y 4,1 17¢
Total design heat loss & 53,28 W/mz2 21,31 W/m3 520

Figure 3.39. Detailed results for selected room

One of interesting functions available in Instal-heat&energy is graphical presen-
tation of temperature distribution in the partition layers. In Figure 3.40, temperature
distribution in external wall layers is presented. The layers include air layers adjacent
to wall, as well as materials used for its construction. High temperature difference
for the PS layer is connected with its thermal resistance. For the brick and plasters,
temperature drop is relatively insignificant due to their low thermal resistance.

The subcategory Data and results for partitions encloses also information
about their layers and heat transfer coefficients.
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Figure 3.40. Temperature distribution in external wall layers

All results of calculations can be exported to MS Excel (for users owning the
full version of the program) or only printed (available in educational version).

3.1.7 Installation designing — selection of project options in Instal-
therm HCR

Continuation of installation designing requires introduction of the default set-
tings in Project Options (F7 or Options in program Main menu). First of all, the
General data of heating system has to be checked and corrected. The default supply
temperature for installation (dependent on the source of hot water) as well as tem-
perature drop can be changed in this part of options (Figure 3.41). There is also
Symbol set available here to be edited, as well as default ambient temperatures for
the pipes.

The next step of designing is selection of the devices and pipes for the project
by the use of Catalogues (Figure 3.42). The window of Catalogues is consisted of
six tabs: Radiators, Pipes and pipe fittings, Valves and fittings, Radiant heating,
Insulation and Climatic data. In the left part of Radiators tab, there is white win-
dow of Other catalogues. There is the list of catalogues which can be chosen by
designer. To be available in the program, the catalogues must be moved to the right
window, called Catalogues in the project by the use of a single arrow. The double
arrow allows to move all catalogues at the same time.

Catalogues with graphical information are marked by the icon of book. Selec-
tion of such catalogue by left button of mouse (single click) allows to watch the
product by the use of F1 button. Unfortunately, this function is not available in new
systems like Windows Vista or newer.
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Figure 3.41. General data for heating installation designing

* Catalogues
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Figure 3.42. General options — catalogues used in project / Radiators selection

After selection of catalogues for all mentioned sections (tabs), it is recom-
mended to fill in the Default types. Objects selected as the default types (pipes, ra-
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diators and other elements of installation) will be then used in the performed project
without the need to select particular elements and choose their types manually.

- Project info - - -
 Bulding data Radiant heating / Floor heating
- Generl data Default system / Fastening method

- Catalogues

|Up0n0r pipe fixing Foil with clamp track 16 w |

- gfault types
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Manifolds and control syst] |Up0n0r eval PE-Xa Q&E - 16 % 2,0 “w |

- Radiant hesting Available spacing in OZ
- General data
. Epm—— |150, 200; 250; 300; v |[mm]
- wall heating Available spacing in PZ
- Manifolds and control syst |50; 100; 150; v |[mm]
-~ Material sets  Coils Dist. HZ -ext, wal Dist,HE -ink, vl
- Bi below —= —
- Building structure | 910 |5 |[m] | ninis |[m]
:;!:O’ ORTO, GRID Screed Heat transfer coefficient of screed [Wim k)]
I - . " A~
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- Reference scale Default covering [{m2kiw] Def, max. load [kifmz]
- Pipe-runs, Fipe feeds |(none) v| | 20 - |
- _onskruction
:a;lfolé:la i Default usage of passing pipe Feeds heat output [%] Default RH room type
- Radiant heating
- Other | a3 | |Residential and office rooms v|
- Radiatars
- Dimension lines

- Drawing simplifications

Figure 3.43. Radiant heating settings — floor heating properties
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Man.lfolds ) Defaulk room thermostat
Radiant heating
Other Uponar Thermastat display T-75 radio {white) w

Figure 3.44. Radiant heating settings — Manifolds and control system selection

For radiant heating, it is suggested to check all the subcategories in options, to
check the kind of a system, available pipe spacing, default floor covering etc., as
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presented in Figure 3.43. The important information is that the maximal length of
heating circuit is limited by the technical issues (production lengths and designing
settings — maximal pressure drop, described in theoretical part) and it can be edited
in Materials sets/Coils section.

In Figure 3.44, the manifolds selection for floor heating is presented. It is pos-
sible to choose the type of manifold, its cabinet and valves, as well as the control
system for temperature regulations.

In the presented example, Uponor concealed cabinet equipped with
plastic manifolds was selected. Moreover, control system was chosen as specific
for the manifolds.

3.1.8 Installation designing — drawing and calculation of the system

The manner of designing that will be presented in this chapter is one of exam-
ples of simple project. The sequence of elements’ insertion used in that example is
not the only right, however, as authors stated on the basis of own experience, it is
one of the simpliest.
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Figure 3.45. Insertion of Stack — drawing; an icon

The first step of the drawing part of heating installation design will be, in this
example, the insertion of stacks (vertical elements, Figure 3.45) in Heating edit
scope. The source of energy is intentionally skipped in this stage, because of the
construction of building (technical room is located on the ground floor, therefore
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source will be drawn in the end of designing, in order to not to disturb during radia-
tors localization).

Localization of stacks is not an easy issue because of different room distribu-
tion on particular storeys. To be sure, the vertical pipes are drawn exactly one above
another, it is suggested to add the symbol to the stack. After its selection,
Component identification in Data table can be changed.

Clinstals 7

Fie Edt Components Modues Componentdats Options View Help

102 +20 °C
Preq. 632 W
Sleeping

103 +20 °C)
Preq.. 1018 W|
Sleeping

101 +20 °C|
<Preq.; 4689 W

No@as®Os s e [ 05l

RO NND

104 +20 °C) H 105 +24 °C)
20 Ground Flar \[B.1 Firs:_loor AT At ;EDevmew; ' T e >

Figure 3.46. Stack inserted on ground floor storey

[=1[E9

In the example, the given symbol is “1” (Figure 3.46). If it is added to a stack
on ground floor, the same stack on the first floor will be applied automatically to
the matching coordinates. It is a very useful function in the case of high buildings
with many floors.

In the case of presented example, the above mentioned issue is not so im-
portant because the main distributing pipes will be conducted under the ceiling of
the ground floor, so vertical pipes can be separate for ground and first floors. By the
use of Data table, it is also possible to change connections in riser (the supply
and the return).

The inserted stack is only a drawing symbol, to make it a part of the installa-
tion, it is necessary to attach Remote connection (Figure 3.47). Without this ele-
ment, it is not possible to connect any pipes to the stack. The Interaction radius,
which can be seen in Data table of stack, designates the area of automatic connec-
tion creation between the Stack-drawing and Remote connection. In this area, virtu-
al pipes are inserted automatically between these two elements, and their beginning
in Remote connection means the joining point between installation on particular
floor and stack.
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Figure 3.47. Remote connection insertion; an icon
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Figure 3.48. Remote connection inserted on ground floor storey

Remote connection is a virtual element, aiming in creation of links between
parts of installation separated by different worksheets. It allows to connect the in-
stallation on ground floor to the first floor system and schematic view. Creation of
links will be presented after the designing of installation on storeys and source in-
sertion. At this stage of designing, remote connection should be inserted close to the
stack as presented in Figure 3.48.

The further insertion of installation elements will cause the appearance of er-
rors and warnings in List of errors; they should be skipped until all the elements of
installation on the storey are connected in the right manner.
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Figure 3.49. Double manifolds for radiant (left) and radiator (right) heating

Designed installation will be based on manifolds. Every heating circuit and ra-
diator have to be connected to the separate output. It is necessary to design two
diverse manifolds, because the supply temperatures for radiant and radiator heating
are not identical. For radiators, supply temperature will be the same as for the
source. In the case of radiant heating, the maximal temperature is 55°C, and there-

fore it is necessary to use manifold with mixing set (three-way valve and the pump)
to ensure relevant temperature (Figure 3.49). The manifolds for radiant heating are
available in Radiant toolbar, while the simple manifold for convector heating can be

found in the Netork/radiator toolbar.
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Figure 3.50. Heating floors drawn in the selected rooms
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In fact, the supply temperature for floor radiant heating will be assumed after
the first calculation on the basis of the current needs. At this stage, Remote
connection, together with manifolds create supply point for ground floor storey. The
receivers of heat will be the radiators and heating circuits.

Heating surfaces can be inserted into the rooms automatically or manually
(drawn). The command of their insertion is available in Radiant toolbar as the first
four icons. In the example, heating floors were drawn manually by clicking into
their corners and ending with right mouse button (third icon from left side, see
Figure 3.50). Heating floors were designed for kitchen, living room, sleeping room
and the bathroom. Other accommodations will be heated by the radiators.
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After insertion, it is necessary to change to specific settings for the floors
(Figure 3.51). Options available in Data table include the peripheral zone selection
and floor covering, as well as other issues like floor construction, etc. Generally, the
floor construction should be chosen automatically on the basis of temperatures be-
low the given room. Peripheral zone will be added after the first calculations.

Floors should be connected to the manifold outcomes by the use of Pipe feeds
pairs (Figure 3.52) from the Radiant toolbar. It is suggested to run pipes through
the open space, not passing through the walls, if possible. Pipes should not collide
in the floor and they should be conducted in possibly the shortest way.

In the rest of rooms, radiators are designed as heating elements. Radiators can
be inserted automatically or manually, and there are two basic types: integrated and
non-integrated with valve (Figure 3.53).
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Integrated ones will be used in the rooms like kitchen and hall, while non-
integrated are intended to be used in bathrooms (ladder type). At this stage of the
project example, the boiler room is intentionally neglected, to present the specific
kind of an error describing uncovered heating demands for the room.

Radiators should be connected to the manifold by Pipe-runs pair on the same
principles as heating circuits. Again, it is recommended not to cross the pipes of
surface heating (Figure 3.54).
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Figure 3.54. Radiators connected to manifold by Pipe-runs pair

When the part of installation from the manifolds to the heat receivers on the
ground floor is drawn and all elements are connected, it is possible to start the first
calculations. Calculations can be started by the use of F10 button or icon of calcula-
tor from the Program toolbar.

The first element of calculations is a window of Diagnostic run results. The
aim of this information is to prevent starting calculations with errors like uncon-
nected elements, wrong types of devices used, etc. Presented in Figure 3.55 exam-
ples of hints simply inform about the default types of pipes, radiators and mani-
folds. The default types are correct, so the calculations can be continued by clicking
the Continue button.
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Figure 3.55. Window of Diagnostic run results

The next step of calculations is supply temperature selection for radiant heating
(RH). The temperature can be optimized by 3 main methods: according to heat out-
put and pressure drop, according to the investment cost or according to exploitation
cost (Figure 3.56). It is possible to use Opt. 6, button, however, to control the opti-
mization process, Graph usage is recommended (Figure 3.57).
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RH circuit supply temperatures ‘ RH calculation options | Calculation options | Results

85 optimization method
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Imin. 5 (min. running costs)

Figure 3.56. Calculations of installation — selection of RH supply temperatures

The graph is a simple temperature axis with the ranges acceptable for rooms,
visible as horizontal lines. Supply temperature can be determined by the use of
a button or manually by the change of vertical line localization.
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Figure 3.57. Calculations of installation — RH supply temperatures graph
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When the line is located at left, in comparison to the temperature ranges, they
are blue, which means that rooms are inadequately heated (supply temperature is
too low). On the other hand, when located at right, the temperature range lines are
red and the rooms are overheated (temperature is too high).

In the case when there is No fitting 6, subscription instead of the range line, the
radiant heating is not sufficient to heat the room and it cannot be changed by the
increase of supply temperature. The situation has to be diagnosed when full calcula-
tions are done. RH calculation options include hydraulic calculations for heating
circuits. Supply temperature was assumed as 40°C. As it was presented in the graph,
only two from four rooms can be heated by RH. The rest of rooms (bathroom and
kitchen) require additional radiator, as there is minus @ surplus in these accommo-
dations (Figure 3.58).

Specify radiant heating calculation options and proceed H

RH circuit supply temperatures | RH calculation options | Calculation options || Results

HZ symbol ' mi mi A8 PZE areai \u'Af Bfslq Rreaimfeedi Mo, oFi Tatal \en.i Fluwi Press.dropi Valve
Covering Rhb | reg. surp.) [kl ©Z [m¥]: [rm]; [*C]i[Wim?] Feeds: s dirc pipes:  [kafh]: pipe + fit.|  set,

[l K] LWl (WD pass.;  [w]: o feedbeirc,:  [myshisv v, [kPa])

Storey: 0 Ground_floor; Building unit: 01

Manifold with mixing set:006_a (Bs = 40,0 °C)
No. of outlets: 4; Settings on: s.w.; G: 77?7 kg/h; Apmin 19,62 kPa
Room: 003; Bi = 24 °C; @ req. = 470 W; @ surplus = -378 W; Result. drh = 0 W;

No. of HZs: 1;
003 L4700 -375013,5 oz 3,4 26,8/27 : : : 20,60 8,5 0,08 1,00
thin ceramic tiles - H H H - H H H H L 94+11,20 0,021 0,32 19,21 Rotat,
0,011 oo N Lo : : :
Room: D05; Bi = 20 °C; @ req. = 469 W; @ surplus = -2 W; Result. @rh = 0 W;
No. of HZs: 1;
ikt ©oae9 2! 50 | oz 9.8 24,6048 1 1 1 41,3) 102,9! 4,61 1,80
normal parquet - 0,100 | | | - | | H H

| OB,7+32,5) 0,253 14,34 0,67 Rotak.
Room: D06; Bi = 20 °C; @ req. = 812 ¥W; @ surplus = -39 W; Result. drh = 0 W;
No. of H2s: 1;
006 ©oslz) 39 500 | oz 146 250 |
rormal parquet - 0,100 ! ! ! H |

25,0/53 1 1 1 51,3] 168,2! 16,16/ 5,00
! ! | 25+58,5! 0,413) 2,31; 1,15 Rotat.

-

Room: D07; Bi = 20 °C; @ req. = 727 W,; @ surplus = -510 W; Result. drh = D W;

No. of H2s: 1;
filird 727 -EI0I10,8 oz 4,10 300 25,0/52 1 1 1 17,3, 2,1 0,17, 1,00
thin ceramic tiles - ! ! - ! ! : : | 3,6+13,8! 0,0520 2,01; 17,44 Rokat,
0,011 H H H |

Figure 3.58. Calculations of installation — options for RH

The hydraulic calculation table for RH consists of 15 columns including room
description, required @, surplus @, temperature drop, info about peripheral or
occupied zone, area, pipes module, temperature to heat stream ratio, area of feeds
passing and its @, circuit number, length of pipes, flow, pressure drop and regula-
tion valve setting. Temperature drop and pipes module can be changed manually.
The bolded value of pressure drop is the highest, characteristic for the most
unfavorable circuit.
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Specify diameter sizing options and proceed & Print B

RH circuit supply temperatures | RH calculation aptions \ Calculation options ] Results |

Pipe sizing options A A e

FPipe sizing options
System balancing options Pipe sizing options
Heat calculation options Resize diameters

Results ediing options Retain user specified diameters

; " O Observe Rmax and econamic diameters criverion
HPF: Material sets | Coils

(® Observe Rmax
Skip to pipe successors

Fipe Family: 1F ot sized, go to

The following set of diameter sizing options is available for the selected pipes

radiator dircuit pipe | building unit - concrete stack network

innt.ciam. [mm] 7,0 7,0 7,0
s [mfs] 0,80 0,80 0,80 0,80
Fimax [Paim] 200 200 200 200

[ 5 Save options set ] [ 5 Load options set ] [ 7 Options from catalogue I

Figure 3.59. Calculations of installation — general options

The next step of calculations is general options window. It allows to change the
usually used settings like maximal velocity of pipes, etc (Figure 3.59). In the example,
standard options were left unchanged since they are compatible with catalogues used.

The last window of calculations includes results of the hydraulic calculations,
grouped in the eight main categories plus bill of materials. General results for con-
vector heating (C.H.) include information about supply and return temperatures,
total outputs of radiant and convector radiators, pressure available, flow of medium
in source, installation water capacity, etc. At this stage of design, they are not com-
plete and cannot be used for any purposes. The results will be completed after the
drawing the whole installation.

After first calculations are finished, it is necessary to make the corrections of
types of heating systems in the kitchen and the bathroom. Generally, advanced de-
signers do such corrections at the beginning of drawing, because they can predict
the contributions of radiant and convector heating.

In the case of first project prepared in InstalSystem, it is easier to check the ef-
ficiency first (required @, surplus @). Required @ is a sum of radiant and convector
heating, while surplus should be covered by the radiators. Therefore it is easy to
count the contribution of convector (surplus @ / required @) and radiant (1 - surplus
@ / required @) heating.

It is also crucial at this stage of the project to remember about completing all
the installation. In this particular case, it means the insertion of missing radiator
in boiler room.
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Results - C.H.

| RH circuit supply temperatures || RH calculation options || Calculation options | Results |

- Fipe-runs

-Rooms

- Terminal units

-R.H. results

-RH installation parameters
- Circuits

(= Bill of materials

Pipes, pipe fittings and cou)
Walves and other Fittings
List of radiatars

List of manifolds

List of components RH
Pipes surmmary

i | ! ] l|

Total number of terminal units

Total number of pipe-runs
Total number of marnifolds
Tatal number of pumps
Spec. total rooms heat loss @ [W]
Spec. total req. heat output of other TU's [W]
Spec. total rooms req. heat output ®req. [W]
Calculation standards:
Radiators sizing standard
Floor heating standard

Source elevation [m]
Supply and return temperature [°C]
Total output [W]
Tokal output of convector radiators drad [W]
Taotal output of radiant heating drh [W]
Tokal output of other heaters [W]
Heat gains from pipe-runs accounted for in balance [W]
Mot utilized heat loss of pipe-runs [W]
Losses of radiant heating {outside building) [wW]
Losses of radiant heating {inside buidling) [']

" Available pressure [kPa]

Pressure drop along critical route [kPa]
Pressure drop on critical terminal unit [kPa]
Press. drop on source [kPa]

Flaws rate in source [kafhl

T024
1}
3686

EM 442-2

EM 1264-1,2,3:1999, EN
1264-4:2003

Source - {virtual): “{virtual)"”, Application: Heating engineering, Medium: Water

0,0
70,0 41,7

3607

1211

1548

i

i

429

420

0

3,7
3,7
2,0
0,0

109,4

Figure 3.60. Hydraulic calculation results

Component identification

Room symbol o7
Description Kitchen
Building unit 01
=l Sizes
Areaw.f, [m?] (3,82)
Areaw.a. [m?] (11,07)
I=I Technical data
] 20
Calculated in Instal-FYes
Heated room ‘fes
+ 774
Freq. (7270
Erh (327
Rad. contr. [%] {auka)
Frad. (4007

Figure 3.61. Correction of types of heating in Data table
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To make the correction, it is necessary to select the room by clicking its label
(Figure 3.61) and change RH contribution [%] and Rad. Contr. [%] (RH — radiant
heating, Rad. — radiators). After changing the contributions, it is visible in RH cal-
culation results that the heating floor will work properly in the selected conditions.
In the graph for supply temperature selection, all the heating floors have similar
temperature ranges (Figure 3.62) so they can be supplied from the same manifold.
In the example, the assumed temperature equals 40°C.

¢ Graph of estimated fitting 05 ranges for rooms of control circuit: 006_a

on3

ons |
E o006 :

H
Slooz

supply temperature
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Bsman

;
I
[ [ [N [ [ [ [ [N [ [N i [ [ [ [ [N [ [ 1
ESZIJ & ! 5 o ) & ! % & A & & & & ) % % ‘Dc

Shaw temp. quality graph 40,0 %] [Enetermine] | assume | [ X cancel ]

Figure 3.62. Selection of supply temperature for RH — second calculations

Specify radiant heating calculation options and proceed

RH circuit supply temperatures | RH calculation options | Calculation options | Results

HZ symbol , CDi CDE AR PZE areai VAi Bfsiq Areai mFaedi Mo, oFi Tatal Ien.i Flowi Press.dropi Valve
Covering Rab I req. surp.; [K] ©Z [m2]; [rom] [PClwim=] Feeds: 5 dfc,, pipes;  [ka/hl: pipe + fit. st
g g i pass‘i [W]E : Feed+circ.i [m,is]is.v.,' [ [kPa]E

[ima k3] Dol wl

Storey: 0 Ground_floor; Building unit: 01
Manifold with mixing set:006_a (Bs = 40,0 °C)
No. of outlets: 4; Settings on: s.v.; G: 777 kg/h; Apmin 15,66 kPa
Room: 003; 8i = 24 °C; ® req. = 118 ¥; @ surplus = 0 W; Result. ©rh = 118 w;

No. of HZs: 1;
003 T 138 | oz 34 zo0 27,4135 ' ' ' 26,2 10,0 0,2 1,00
thin cerarnic tiles - B ! | - | H | | H 9,4+16,9) 0,024, 0,45 15,09 Rotat,
0,011 Lo oo L Lo : : :
Room: 005; Bi = 20 °C; @ req. = 469 W; @ surplus = 0 W; Result. @rh = 469 W;
No. of HZs: 1;
005 T i 0z 9,8 24,646 : : : 47,5 66,7 2,53 1,30
normal parquet - 0,100 | ! | - | | | 8,7+39,0, 0,164 11,69 1,44, Rotat.
Room: 006; Bi = 20 °C; @ req. = 812 W; @ surplu: Spacing Y4 & surplus AB K]
No. of HZs: 1; 150 12,4
006 T L B,6 0z 14,6 200 10,2 | 76,00 133,8 13,47 5,00
normal parquet - 0,100 | H - H 250 7.8 (FF310 0,329 1,46; 0,72 Rotat,
. ! . ! 300 -z 5,0 : : :
Room: 007; Bi = 20 °C; @ req. = 327 W; @ surplu:
No. of HZs: 1; O Auto ® Manual
007 ©o3e7 120118 oz 4,10 150 | 27,007 : : : 31,10 26,5 0,38 1,00
thin cerarnic tiles - B ! | - | H = | H 3,6+27,6) 0,066, 3,24, 12,04, Rotat,
0,011 : ; : : : :

Figure 3.63. Manual change of RH circuit spacing
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In some cases, it may be necessary to use manual selection of RH properties
like temperature drop and pipes spacing. It may happen when there is a small, mi-
nus @ Surplus and the selected way of system optimization does not allow to find
the right solution. In such case, the manual selection of temperature drop and spac-
ing is recommended (Figure 3.63).

Results - C.H.

| RH circuit supply temperatures | RH calculation aptions | Calculation options | Results |

Mo our
Total nurmber of kerminal units g

Total number of pipe-runs 18
Total nurmber of manifolds 2
Total number of pumps o
Spec. total rooms heat loss ® [W] 7024
R'H_' res;llts. Spec. total req. heat output of other TU's [W] 1}
EH |n.ita ation parameters Spec. total rooms req. heat output ®req. [W] 3150
.|rcu| s ) Calculation standards:
(= Bill of materials iy o
- A Radiators sizing standard EM 442-2
Pipes, pipe fittings and couy Floor heati tandard EM 1264-1,2,3:1999, EN
. oor heating standar -1,2,3: ,
\u'.alves ant?l other Fittings 1564412003
List of radiators = e " a—— 8 - - =
N N Source - {virtual): “{virtual)", Application: Heating engineering, Medium: Water
List of marifolds )
Lisk oF s RH Source elevation [m] 0,0
|.s oF compenents Supply and return temperature [*C] 70,0 40,6
- Pipes summary
Total output [W] 4135
Tokal output of convector radiators drad [W] 1424
Total output of radiant heating drh [w] 1713
Takal output of other heaters [W] o
Heat gains from pipe-runs accounted For in balance [W] o
Mot utilized heat loss of pipe-runs [W] 564
Losses of radiant heating {outside building) [W] 433
Losses of radiant heating {inside buidling) ['w] o
Available pressure [kPa] 39
Pressure drop along critical route [kPa] 4,0
Pressure drop on critical terminal unit [kPa] 2,0
Press, drop on source [kPa] 0,0
< | Flow rate in source [kafh1 120,4

Figure 3.64. Results of calculations with Warnings and Hints

When calculations are finished, it is necessary to correct all the warnings for
the ground floor storey. The list of warnings is available in the List of errors
window and elements with warnings can be easily localized by simple clicking the
particular one on the list. The first one — cannot size radiator — is active for bath-
room radiator, which become selected after clicking in warning. The dimensions of
bathroom radiators are not standard — they are usually higher, therefore it is neces-
sary to change Size limits in Data table (Figure 3.65).
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Fie Edit Components Modues Componentdota Options View Help BTS2 ovciam
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@ ; 005 +20 % [8.78 m? (w4 200] i In room 03
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| 0 I I ; = Technical data
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F=3 005 ~24 °C ! Size s G rm) =
| breq : 470 W 1 []use default sizing method
| Bathroom H
. 1
Kitchen dly L eroce=ssln__| | 4
o7 i . £
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[Warning]: Double apartment manifold: Manifold cabinet dimensions are dependent an manifold outlets configuration andits
Select M. [mm]: 0 E]
<<i (6,57:2,16) Selected: 1 * Radiator

Figure 3.65. Correction of dimension restrictions for radiator

Since the size of radiator was not set during the calculations, it is recommend-
ed to choose the type and size of the radiator manually by the use of Data table

(Figure 3.66).

@reg.: 470 W

8 500 mm 794

File Edi Comporents Modues Componentdata Options Vew Help I CEEte
x{uorom ===== gsown o2 4s &0 08
Program AFunctions pMetwork | radiator ARadiant {Fittings 4Graphics
=l 1 2 3 g & T g 9 10 " 12 =l
&) et de Lot i . 1 * Radiator -
Bl =t b it VA . i
o ! 0 0 ! lo.76 1 (VA 7772 - Companent identification -~
! Dreq. 812 W ! [0 symbol (003)
E Living L _ _ in room 003
. T - Position
w] ! [Ftevation (m] 0,4
I = Technical data
1 (Contribution [%]  {auto)
- £ TuTw] {auta)
! Size P GUSS24)  Avalabilty
El 0 (szc)
1 = 003 +24 2 Ber_B00UM
I

T07 +20
oreq. 727w |,
wiichen i
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Figure 3.66. Manual selection of radiator

in stock
in stock

8 750 mm 424
48 900 mm 501
@ Ber_iz00vn
3 Ber_1500vI0

Firstly, it is necessary to select the type of radiator (VN bathroom radiators

catalogue). Secondly, the list of available sizes with corresponding values of @ is
used to find the right radiator and select it by double clicking or Enter.

In the case of heating floors situated in rooms as the only source of energy, it is
suggested to set the peripheral zone nearby the external walls with windows. In the
example, living room and sleeping room will be equipped with such zone (Figure
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3.67). Since it is built from the pipes with smaller spacing, heat stream from 1m’
of such floor is higher. Therefore it allows to increase the efficiency of RH. After
the change, calculations should be run once again, in this case in the shorter
version (Shift + F10).

"Fle Edb Components Modules Componentdata Options YView Help GinsealSOFT

M eomom s==== Svay LG €%e00 0

Frogram {Funchions hletwork f radistor fRadiant fFittings AGraphics

E [ 1 2 3 4 5 [ T g a
nm‘ I i I i [ ' I ' I ' I ' I ' I ' I ' ‘\l

4=

2* Heating floor

~
| = Component identification

Heat. zone symbol
| 5 T N roo——————/remttttm . inroom
@ i 1 1 | = Sizes
-~ |- . . ' Occupied area wjo p 0,00
RroYle 1 1 I
| H Occupied area with £ 0,00
| 2 ! ! ! Effective surface are
| ! 1 | Surf. For bil mt. [m
{ - . : - Technical data
~_ ! 005 +20 °C |
@ : @req.: 469 W : M (20)
Q I Sleeplng | e (\Tum)d
50 1 | Componert status_plarned
@ : 14,62 m® VA ?77] ; 005 : - Radiant heating
o] | 006 +20 °C : 9,76 m? [VA ?77] 12 type Standard
! wreq. 812 W ! ! 8 below €]
. —
: 1 o 1
o2 . Living I o peripheral zone
— | ! ji= O dllarea i peripheral zane
=t I 1101 +20 °C (@ Determine PZ Forming part of primary circuit:
-7 .
il H Preq.. 530 W Widkh [m] (0,0 - 1,0):
2|2 ; ), Halt At parttions: [
. - CE
rd 1 [ — E— s
[% - ; i CIR—
N i 1| 3,37 m* vA 227
S - ! - B
| | Anm na on
[0 Sround oo AT 1 P Foor AL 2 Attic {E ey v <

Pipe laying pattern in peripheral zone
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@ Heal

Select
Pz
Selected: 2 Heating Floor oRiG |

@ (3,06, 6,58)

Figure 3.67. Insertion of the peripheral zone

After the final calculation, there are only two messages on the list for the
ground floor storey: warning about the default type of manifold cabinet and hint
about manually chosen spacing in one of accommodations. As the two messages are
not significant for project calculations (they are simple information), they may be
skipped in the future calculations. To exclude the selected type of hints and
warnings from the list, it is necessary to use right mouse button on the selected
message and select Never show this message again command (Figure 3.68).

[Wn Ground_floor A

1 First_floor 02 Attic {E1Dev_view /-

Mark all components where the error has occurred

Mark all components where the error has oceurred of the type ... »
Mark all components where the error has occurred (whole project)
More info on message

Never show thi

<‘h (8,90; -0,74)

Figure 3.68. Hiding of insignificant hints and warnings

Since the calculation for ground floor is finished, the designer should move to
the First floor worksheet. The only element of installation already drawn / inserted
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on this storey is Stack (riser) with Remote connection. This storey will be heated by
the use of convector heating only, therefore the first action will be insertion of
radiators. It can be done automatically by the use of Insert radiators under all ex-
ternal windows command (first and second icon in Network / radiator toolbar). The
first icon is used to insert radiators integrated with valves (bottom-fed radiators),
while the second for non-integrated (side-fed) ones (Figure 3.69). Since Hall has no
window, it is skipped in automatic insertion and the radiator has to be inserted man-
ually by the use of third icon of the Network / radiator toolbar.

Moreover, radiator in Bathroom is located under the window. In the case of bath-
room radiators of ladder type, this localization should be changed as they are usually
hanged directly on the wall. Therefore the radiator will be moved. Moreover, it will
be doubled since a single bathroom radiator rarely can provide more than 1 kW.

File Edlt CEInsertradlators under allexterllﬂal WIndDWS Radlator (|ntegratedW|th walve) |
J —_ unpoee A
QOO @m == === F t 8 EFJE«=

iProgram AFunctions aetwork | radistor fRadiant AFittings fGraphics /

E £ -5 -4 -3 -2 -1 ] 1 2 3 4
8 R I RPN (PP T PO IR PO PR PO PSR PO PN TR DU P PUUN PR PN TN |

2 5

D@ 5 e

Figure 3.69. Insertion of radiators on the first floor

The next step is the insertion of manifold in a Hall (Figure 3.70). As it will be
used for the convector heating installation, it should be selected from the Network /
radiator toolbar as double manifold. After that, it is necessary to change the number
of outlet pairs in Data table (Figure 3.70). Manifold should be connected with
Remote connection by the use of Pipe-run pair.
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The same tool is used for connection of the radiators with manifold. Single
Pipe-run pair can be started in manifold outlet and run to the radiator on the basis
of the same rules as in radiant heating, using possibly the shortest way through the
openings in walls and trying not to criss-cross the pipes. In the end, it can be con-
nected to the radiator (manual connection) or left near to it (right mouse button will
finish the command).

4 5 k|
| | 5 5 . 5 | 1 * Double apartment manifold |
A
- Component identification
Symbuol
Building unit (01}
1 O 1 +2O o C = Technical data
Mo. of outlet pairs 8

of that spare [1}
@re = 53 O W Manifold type (default)
(S q' - Cabinet bype default
Cabingt axis sbove FO0,70
Hall Component status  planned
Valves other than st default

Radiant heating
48 min 02 (5,01

AR max 02 (15,0)
A8 min PZ (5,00
A% max PZ (10,0}
p max [kPa] (25,000

- View style
Supplyfreturn arrang sbove - sup. advanced
Draw label o

= Manifold valves ...

|Man|fold walves ... Balancng screw
- Ret. valve ...
|Ret. valve ... Thetmostat
>

ol <

Figure 3.70. Insertion of manifold on first floor

In the case, when pipes were left close to the radiators, as presented in Figure
3.71, it is possible to use automatic connection command from Components menu
(Shift + Cul + A). It allows to create connection between nearby elements
of the installation.

After connection of all radiators, the installation on the first floor is completed.
In the case of presented example, it consists of eight radiators, manifold, stock,
remote connection and the pipes. Since the radiators are integrated with valves,
there is no need to insert additional fittings. Thermostatic and return valves should
be used only in the case of non-integrated radiators on supply and return
pipe respectively.

To check the correctness of connections, it is necessary to save the file. If the
installation is drawn properly, arrows with flow direction will appear on pipes
(Figure 3.72).
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Figure 3.72. Convector heating installation on first floor
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After completing installation on first floor, calculations should be run once
more. Some warnings or hints may happen, which should be checked and corrected.
In the case of presented example, there was one warning active for the boiler room:
Significant medium temperature drop in pipe-run. This means the extended length
of pipes and / or too low velocity of medium flow. It can be corrected by the addi-
tion of insulation (Data table) or selection of smaller radiator size, which causes
increase of medium velocity.

The total output is equal 9.1 kW and covers heat load of building calculated
previously in Instal-heat&energy module. However, calculations do not include
source (visible as virtual in results) and distribution pipes from the source to the
manifolds, therefore this part of installation should be drawn in the next step.

Results - C.H. E

RH circuit supply kemperatures | RH calculation options | Calculation options | Results

= General results Mo, of sources 1
C.H. Total number of kerminal units 16

R.H. Tatal number of pipe-runs 40
Fipe-runs Total number of manifolds 3
Rooms Tatal number of pumps o
Terminal units Spec. total rooms heat loss ® [W] 7024
R'H_' results. Spec. total req. heat output of other TU's [W] o
Ei':c:ii;a"atmn parameters Spec. total rooms req. heat output ®req. [W] 7036

) ) Calculation standards:
= Bill of materials

. A Radiators sizing standard EM 442-2
Pipes, pipe fittings and cou Flacr heating standard EM 1264-1,2,3:1999, EN
. oor heating standar -1,2,3: )
\-'.alves ant?l other fittings 1564-4:700%
List of radiators = Frm " —— = - - =
N N Source - {virtual): “{virtual}", Application: Heating engineering, Medium: Water
List of marifolds )
List of t= RH Source elevation [m] 0,0
|.s o compenents Supply and return temperature [°C] 70,0 46,1
Pipes summary
Total output [W] 9103
Total output of convector radiators drad [W] 5311
Total output of radiant heating drh [W] 1713
Tatal output of other heaters [W] o
Heat gains from pipe-runs accounted For in balance [W] o
Mot utilized heat loss of pipe-runs [W] 1646
Losses of radiant heating {outside building) ['] 433
Losses of radiant heating (inside buidling] [] o
Available pressure [kPa] 4,8
Pressure drop along critical route [kPa] 4,8
Pressure drop on critical terminal unit [kPa] 2,1
Press, drop on source [KPa] 0,0
< > Flow rate in source [ka/hl 3256

Figure 3.73. Results of calculations for both storeys

3.1.9 Creation and calculation of the schematic view

To draw the distribution pipes, stacks and boiler, it is necessary to create the
schematic view of the installation. In the case of presented example, it will be
created in worksheet of Dev_view. The type of worksheet is schematic view, in
opposite to plan views used for storeys’ drawings.
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Floor elevation label is available to be inserted from the Components toolbar
and represents cross-section of building storeys. It will be a base for further drawing
of installation and should be inserted in 0,0 coordinates because of the automatic
labeling of storeys elevations. The length and height of construction can be changed
by the use of black rectangles in its corners and center of sides (Figure 3.74). Since
the horizontal scale in the schematic view will not be kept, to present all the instal-
lation, the length of construction was assumed as more than 20 meters.

Fle Edit Components Modules Componentdata Options Yiew Help

L3
E= 1
“Frogram  Floor elevation label
2 £ 10 20

'zl

10
|

ZEs D EL g e

>

0
|

Eol LN

X

W& 0 Ground_floor AR 1 First_Foor A 2 Attic 4 E1 Dev_view / <

Figure 3.74. Insertion of floor elevation label on schematic view of installation

The next step is insertion of source of heat: Boiler. As one of the elements of
installation, its icon is located in the Network / radiators toolbar (Figure 3.75). Data
table for boiler includes Component identification, Position, Technical data,
Radiant heating and View style. If the type of boiler is already selected, its technical
data like pressure drop, water capacity and outlet diameter should be changed into
the real values.

View style includes presentation options like Connection type, Drawing type
and Label type. Connection type can be chosen as bottom, side or top, with wide
and narrow distance between inlet and outlet pipe. Drawing style means hanging or
standing boiler, depending on its type. Label type includes options for description
presentation — in the example it is heat load, available pressure and flow of medium.
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Figure 3.75. Insertion of boiler on schematic view

The inserted boiler will be used to supply the installation consisting of the dis-
tribution pipes (horizontal and vertical), manifolds and heat receivers. To connect
all the installation into one system, Remote connections are used in plan views and
the corresponding components of Automatic schematic view of system are used in
schematic views. These two types of elements are virtual and are used to create
connection between the particular parts of the system like for example two storeys
(separate worksheets), first floor and schematic view, the extensions at the
schematic view, etc.

Automatic schematic view can be inserted using an icon from the Network /
radiator toolbar. It should be placed on the level of floor on every heated storey
(corresponding to the two Remote connections from plan views), as in Figure 3.76.

Automatic schematic view should be connected with boiler by the use of pipe
run pair, as presented in Figure 3.76. The length of these pipes should be inserted
manually in Data table, since horizontal scale is not held.

To create connections between the separated parts of installation, it is
necessary to identify virtual elements. Component identification of selected element
is available in Data table and includes Destination worksheet and Symbol. Destina-
tion of bottom automatic schematic view is the ground floor worksheet, while the
top one is corresponding to the first floor.
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Components Maodules  Component dsta  Options  View  Help
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1 AFunctians AMetwork [ radiatar ARadiant AFittings Aiaraphics {2-pipe A1-pipe ‘Aukomatic schematic view of system
4 5 ] T g g 10 1
W POVPY PRV PR PR PUTEN PR PRTT RTee FYSTTEveeY PN e IVees Preve P F
[6]
[

Ground_floor A 1 First_floor AL 2 attic A ElDev_view £

Figure 3.76. Insertion of automatic schematic views and distribution pipes

Every component of automatic schematic view located in the shematic view
worksheet should have a unique symbol, specified for one pair of the virtual elements.
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Font Arial

Fort height [mm] 3,0

Figure 3.77. Identification of automatic schematic views in schematic view worksheet
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As presented installation consists of only two such components, they will be
assigned with simple symbols 1 (ground floor) and 2 (first floor) as presented in
Figure 2.80. However, in the case of larger systems, it is recommended to use the
following format: number of storey and number of stack, for example 32 means
third storey and second stack. This manner of numbering allows to localize the vir-
tual elements with higher precision and prevents errors.

The next step of connections creation is identification of the Remote
connections on plan views worksheets. It is necessary to move to the ground floor
worksheet and select the Remote connection localized nearby the stack. Identifica-
tion includes the same elements as in schematic view, therefore it is needed to
choose Destination worksheet as Dev_view and Symbol as 1 (Figure 3.78).

On the first floor storey, Destination worksheet is also Dev_view, however
Symbol should be written as 2. After the identification is finished, the project should
be saved. If the identification is done properly, arrows with flow direction will ap-
pear on the pipes in schematic view.
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Figure 3.78. Identification of Remote connection in ground floor

To complete the design of heating installation, it is necessary to insert the re-
quired fittings (Figure 3.79). They are located in Fittings toolbar available in the
same Heating edit scope, which is used in this chapter. The designed installation is
equipped with safety valve, shutoff valves, non-return valve, pump, filter, pressure
gauges, thermometer, expansion vessel and air bleeders. Expansion vessel should be
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connected with system by the use of No-flow pipe-run. Moreover, in the points of
direction change not visible in schematic view (horizontal direction change), ele-
ments like 90° elbows, other angles direction changes and offsets are inserted.

77777777 4 L
| /_:Iﬁ
|
|
|
|
|
{ 8.9 kW
| 5,9 kPa
|
|
|

Figure 3.79. Insertion of fittings

All the components of fittings must have the type chosen from catalogues or
manually introduced hydraulic specification. For example, inserted valve should be
found in catalogues (Data table | Valve). If there is no required element type in
catalogues, it is possible to enter its pressure drop as Adp (kPa)

or £ (-).
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Figure 3.80. Selection of pipe-runs for material change
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After completing the installation equipment, the change of pipes material was
done in presented example. The part of installation located in boiler room, together
with stacks will be designed as copper, and plastic pipes will be used only from
manifolds to the receivers. For the material change, Data table is used. It is sug-
gested to use the previously mentioned command Select in rectangle the compo-
nents of type... (Figure 3.80) and change Pipe type from the default into copper one.

At this stage of the design, hydraulic calculations can be done in their final
shape. Installation is completed from the hydraulic point of view, therefore the
flows and pressures regulation can be done in an appropriate way.

As presented in Figure 3.81, final calculations’ results include flow rate and
pressure for pump selection, total output for boiler selection and water capacity and
temperatures in installation for expansion vessel calculation. The mentioned ele-
ments have to be assigned manually, as there are no catalogues or calculation man-
ners for their selection applied in program.

Results of final calculations can be printed out or exported to MS-Excel, and
therefore included in paper version of the project. The mentioned functions are
available under Print button, as presented in Figure 3.81.

Results - CH. I & Print ]E] I ] cancel ]

RH dircuit supply temperatures | RH calculation options | Caleulation options | Results Print Cultp
Prinkout settings

eneral resulks Total number of pumps 1

CH. Spec. total rooms heat loss ® [W] 7024 Expo et
R.H. Spec. total req. heat output of other TU's [W] 1] Export bo M5-Excel; Alllist positions
pe-runs Spec. tatal rooms req. heat output @rec, [W] 7036
oms Caleulation standards:
srminal units Radiatars sizing standard EN 442-2
H. results Floor heating standard EN 1264-1,2,3:1999, EN

Hinstallation parameters 1264-4:2003
ircuits
Il of materials

Fipes, pipe fittings and couplings

Boiler: {(no name), Application: Heating engineering, Medium: Water
Source elevation [m] 1,8

Supply and return temperature [°C] 70,0 47,0
Walves and other fittings Total output [W] 8846
List of radiators Tokal oukput of convector radiatars drad [W] 5311
II':;T;;!TFDHS Tokal output of radiant heating drh [W] 1713
Tokal output of other heaters [w] 1]
List of components RH i .
Fipes summary Heat gains from pipe-runs accounted for in balance [W] 1]
Mot utiized heat loss of pipe-runs [YW] 1389
Losses of radiant heating {outside building) [W] 433
Losses of radiant heating (inside buiding) [%] 0
Available pressure [kPa] (see pump table;
Pressure drop along critical route [kPa] 7.3
Pressure drop on critical kerminal unit [kPa] 2,1
Press. drop on source [kPa) 0,0
Flowe rate in source [kafh] 326,6
Critical receptor Ro003
Critical TU route length [m] 25,6

Table of pumps

Flow rate [kgfh] 328,6
Pressure [kPa) 7.4
Capacity of system incl. terminal units [dm=] 70,8

Figure 3.81. Final calculations’ results printout

The last part of the project completing is connected directly to the drawings.
It is possible to prepare and print the comprehensive drawings with drawing chart
and description (legend). Therefore, the missing elements like plan view of boiler
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room, pipe-runs labeling, radiant heating loops drawing and developed views of
installation on storeys should be completed.

If the boiler and distribution pipes are drawn in schematic view, they cannot be
doubled on the ground floor because it will cause the calculation errors. Therefore,
after drawing the missing elements, the combination of primary-shadows pairs is
recommended. To start the combination, it is necessary to use Combine primary-
shadow pairs from Components data menu (Figure 3.82).

File Edt Components Modules |Component daka| Options  Wiew Help
Fl | PO
DO OO Feeleds 2 ogeoow WL EsED 0B
Data sets gallery ...
Frogram fFunchions Yistwerk /1
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S (.
i | ; \\\\\\ Remote connections map 003 +24 ° C :
| | h E“j Combine primaty-shadow pairs ‘ -
G’l m_LL DN'?'? a % Mark selected as shadows ¢req' " 470 W :
[-C;l | H 7? \/V % Unmark selected as shadows Bathroom |
® I | S | |
7 |
22 il} G brze 4 l‘l’_“ Ber_860VM _[600 mm] ‘
@ -|‘ APP?TW e et i
® | e Prmimemmi T -
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2777 W .
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Ut = _ i
L ! !

E0 Ground_floor AL First_Floor A2 Attic A Dev_view <

Figure 3.82. Primary-shadow pairs combination

Primary-shadow pairs are used to mark the corresponding elements of installa-
tion, which appear both in worksheets of plan and schematic view. It is important to
draw the missing part of installation in exactly the same way as it was drawn in
developed view (the same number of pipe-runs).

The window for pairs combination consists of the two main panels. The con-
tent of the left and the right panel can be chosen from the list of the worksheets.
In the example, left panel includes ground floor and the right one — developed view
worksheet. Elements in the left panel will be marked as shadows. It should be con-
ducted individually for each pipe-run by the use of command shown in Figure 3.83.
When the pipe-run in left panel is marked as shadow, it is necessary to select the
corresponding pipe-run in the right panel and use Combine command. The proce-
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dure should be performed for every doubled pipe-run. In the presented example, the
pipes between Boiler and Remote connection on ground floor are doubled (they are
drawn on both ground floor and schematic view). Then, the window of primary-
shadow pairs combination can be closed.
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Figure 3.83. Selection of the shadow elements
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Figure 3.84. Creation of automatic schematic view of installation on storeys
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Creation of automatic schematic view of the installation in worksheet
Dev_view is a simple and easy procedure. It requires selection of Automatic sche-
matic view of system by the use of the right mouse button. When the pop-up menu
appears, it is possible to choose command Create automatic schematic view (Figure
3.84). The elements, which were not noticeable in the schematic view worksheet so
far, become visible. On ground floor storey, there are two parts of the developed
view because there are two separate manifolds for radiant and convector heating.

One of the final elements to be completed in drawings are the pipes descrip-
tion. Pipe-run labels can be inserted as slanting, straight or simplified from the
Graphics toolbar (Figure 3.85). As far as it is used for the pipes supplying single
radiator, the default type of slanting label will be used in the exemplary project.

;i C\u;puzls ;ﬂudu\:; Ccéw]pudata/\/omiés :w e|u@ e i mE e Blnstal O
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Figure 3.85. Labeling of pipe-runs
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Figure 3.86. Pipe-run label edit table
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When the more detailed description is needed, it is possible to choose other el-
ements to be included in Pipe-run label. If the description is selected (by single
click on its horizontal axis), the change of its content is feasible by the use of Data
table / Pipe run label. The expanded list contains components like pipe-run number,
heat flux, diameter, velocity etc. In the chosen labeling style, diameter, velocity,

heat flux and pipe length are included (Figure 3.86).

The last missing element of the drawing is heating circuit. To start drawing
such elements, it is necessary to change edit scope from Heating to RH loops
drawing. It is possible then to choose the command Polyline for drawing piping —
auto from the Radiant toolbar. By clicking in the area of heating floor, it is achieva-

ble to insert the missing pipes on heating floor area (Figure 3.87).
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Radiant heating loops can be drawn as spiral or meander. In the case of pre-
sented drawing, the structure of meander was selected because of the favorable
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Figure 3.87. RH loops drawing

temperature layout.
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3.1.10 Printout of drawings

Drawings prepared in Instal-therm HCR can be printed directly from this pro-
gram or exported to AutoCAD. In both cases, it is recommended to insert the paper
formats in worksheets which will be printed.

To finish the preparation of the drawings, Graphics toolbar can be used. It con-
tains graphical elements as lines, shapes, text, slope icon, dimension lines, paper for
printout and drawing chart. Paper format can only be inserted in the default size
A3, which may be then changed (in Data table) into other upon the wish of the
designer. Paper format insertion is presented in Figure 3.88.

File Edit Components Modules Component data Options  View Help
x =
AE e E®R G EEE

Program AFunctions ARadiant AGraphics Paper format

nﬂ [z] - - 1 - - - - D|

10

IONCR -2

i
|

S0 @ N L

S0 Ground Floor A1 First_Floor A2 attic E Dev_view / <
Figure 3.88. Insertion of Paper format

Another interesting function from Graphics toolbar in Heating edit scope
is Floor build-up drawing. It allows to insert the cross-section of the heating floor,
as presented in Figure 3.89.

Insertion of the floor drawing in the neighborhood of selected room will cause
the correlation between the drawing of heating floor and its construction in this
room. Room number is added at the top of the drawing.
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Figure 3.90. Window of the drawing chart edit
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Having paper format and floor drawing inserted, it is necessary to add the
drawing chart from the Graphics toolbar in the right bottom corner of paper.
The chart can be edited by the use of Edit drawing chart window, accessible in
Data table (Figure 3.90). The dimensions and content of a chart can be changed —
only the area selected in the right panel of a window is a part of drawing chart. Hav-
ing selected Company name, it is necessary to choose the area of its insertion, etc.
The content of table (drawing title, designer, etc.) will be completed in Data table
of the drawing chart.

After completing the drawings, it is recommended to move to the Printout edit
scope (Figure 3.91). Then it is possible to choose the suitable printer and its set-
tings, scale of printout and the border of the drawing. This option is recommended
for users who dispose plotters as they can choose many options for paper format.

-/ Printer
Frinter Wysylaie do progr(=]
Settings (45

-/ Print scope

-/ Printout

scale 50

[rverlap [cm] 0,5

Crientation Wertical

P aper length [mm]  148,0
Paper widkh [mm]  210,0
Colowr es

Continuous paper  ‘es
Cort. paper page ler210,0
o, of pages [

(1[5

3 Ground floor AT 1 First_floor AT 2 Attic A Dev_view / < >

Figure 3.91. Printout from Instal-therm HCR
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Figure 3.92. Drawing export — window 1
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For the users of AutoCAD program, it is recommended to export drawings into
*.dwg format. The function of exporting is available in main menu File and as an
icon in the Program toolbar. The export of drawing runs in three stages. In the first
(Figure 3.92), file type and export scope should be chosen. In the example, Plan
view-base will be skipped, not to double the drawing.

The second stage needs the specification of the files exported. In the example,
Attic worksheet will be skipped as it was created only for the proper calculation and
it will not be heated (Figure 3.93).

After the selection of the exported worksheets, it is necessary to set up the file
version, unit, type of lines in AutoCAD and option of lines thickness export.
The exemplary set of options is presented in Figure 3.94.

Drawing export

File type: AutoCad DWG

Warksheet Attached File Qutput file
v|Ground_floor ground Floor .dwg project1-Ground_floor.dwg
project 1-First_floor,dwg

Dr-:-ie-:tl-l:

v|First_floor first Floor, dwg

< Bak ]l Next B> ]l X cancel

Figure 3.93. Drawing export — window 2
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Lines v

Export line thickness:
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<« Back l[ ' Exeruts l[ X cancel I

Figure 3.94. Drawing export — window 3
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Confirmation of an export will cause the creation of new files (project
1-ground_floor, project 1-first_floor, project 1-dev_view). The exported file can
be edited in AutoCAD program. The example of drawing (ground floor) is shown
in Figure 3.95.
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Figure 3.95. Drawing exported to AutoCAD

3.2 Project of water supply installation

Designing of water supply installations in Instal-San T module requires the use
of the architectural base, generally imported from the AutoCAD program. The
manner of DWG base import was explained in 3.1.1. and 3.1.2. chapters, therefore
it will be skipped in this part of the book. However, it is important to mention that
in the case of water installations, it is not necessary to read the base as structure
recognized in program. Import of the base as a block from the *.dwg file is enough
to do water installation calculations since the construction of partitions is not re-
quired in this type of the design. Therefore, no layers with walls, doors and win-
dows should be chosen during the import. In result, the base will be read as the
block of elements which cannot be edited, but it can be used for drawing of the
water installation.

In the presented example, the base imported in previous chapter will be used,
therefore it is enough to open the last saved file with heating installation in the
Instal-San T module. Heating installation can be seen under Heating edit scope,
however the further design of water installation will be executed in San edit scope.
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3.2.1 Settings for water installation designing

Settings for design of cold and hot water installations can be edited after
opening the Project options window (Figure 3.96) by the use of F7 button or main
menu Options. In the case of water supply installation design, it is necessary to ex-
clude drainage system from the Calculations scope, as presented in Figure 3.96.

-~

-
-—'@_ Project options

- Project info Calculation scope

- Calculation scope

.. General data - Water supph| ~Calculation scope
-~ General data - Drainage [#] Verify and calculate water supply system
- Catalogues
Default types

- Water supply - Pipes, Ri

[] Verify and calculate drainage system

-Drainage - Pipes

- Building structure

- AUTO, ORTQ, GRID

. Edit

4 Component appearance
. Reference scale

- Pipe-runs

- Construction

- Manifolds

- Other
-Dimension lines

- Drawing simplifications
Figure 3.96. Window of Project options | Calculation scope

General data for water supply installations contains information about the de-
fault temperatures of hot and cold water, default ambient temperatures for specific
parts of installation and measure units. It is also necessary to select the type of
building (residential in the case of presented example) to ensure using the suitable
formulas for hydraulic calculations (Figure 3.97).

—
~¢ Project options

.

Project info

Calculation scope
- General data - Water suppl)
- General data - Drainage
- Catalogues
- Default types
Water supply - Pipes, Ry

Y

.. Drainage - Pipes
- Building structure
- AUTQ, ORTO, GRID
... Edit
- Component appearance
... Reference scale
- Pipe-runs
Construction
- Manifolds
- Other
- Dimension lines

i... Drawing simplifications

General data - Water supply

Project general data:

Default hot water temp. [*C] Pressure unit

55[= [ kP ~| [paim -
Default cold water temp. [*C] Pressure disp. accuracy (cold, hot)
5= 212
Default building type: Pressure disp. accuracy (circulation)
Residential building VI 4=

General data of current worksheet:
Default ambient temp. for distribution system pipe-runs
3
Default ambient temp. for riser pipe-runs
bo [
Default ambient temp. for connections
20 =

Figure 3.97. Window of Project options / General data — water supply
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The next step of options’ editing is the choice of the catalogues of applied de-
vices or pipes. In the case of water supply systems, catalogues can be used in Pipes
and pipe fittings, Valves and fittings, Insulation, Faucets, taps and sanitary
whiteware installation categories. Selection of catalogues has already been de-
scribed in chapter 3.1.7. and therefore it will be skipped here.

When the selection of catalogues is already done, it is necessary to assume de-
fault types for water supply system (Figure 3.98). The pipes and fittings from cho-
sen catalogues are available in developed lists to be chosen as default for described
component of installation.

For the presented water supply system there are applied the following
solutions:

e PE-Xa S3.2 pipes in coils by Uponor,

® Pipes standard insulation — PU foam,

® Pipes connection system — surface brass for UPONOR PE-Xa,

e Other elements according to Figure 3.98.

> -
- Project options .
- Project infi :
rEet o Default types / Water supply - Pipes, Receptors, Valves
- Calculation scope
-~ General data - Water suppl Pipe type (hot, circulation) Manner of assembling cross-pieces
-~ General data - Drainage u PE-Xa 53.2 I
Catalogues panor e pipestn cors ‘v Two tees connected by a straight -
oS Pipe type (cold) piece
- Default types . Upanor PE-Xa 53.2 pipes in coils |-
i Water supply - Pipes, Ry k :
) Pipe insulation type
i Drainage - Pipes
. Building structure Standard insula... - PU foam lagging - Lambda (2 ‘ -
-~ AUTQ, ORTO, GRID
- Edit Water line conn. system
4 Component appearance UPONOR PE-Xa - surface brass ‘v
Reference scale
Pipe-runs Water meter (Cold water) Filter
i.. Construction Vane-wheel water meter, cold water ‘ - FV trap -
i Manifolds Water meter (Hot water)
i Other Vane-wheel water meter, hot water ‘-
i Dimension lines
- Drawing simplifications|  Non-return valve KFR valve (oblique pattern non return valve)
Mon-return screw valve acc, to DIN ... - (size) ‘v (none) |v
Ball valve Oblique valve
Ball valve acc. to DIN 1988 - (size) ‘v (none) |v
Pressure reductor/controller Backflow preventer
(none) ‘v (none) |v
Circulation reg. valve
MTCY - A therm. circulation control... - (size) ‘v

Figure 3.98. Window of Project options | Default types

3.2.2 Installation designing — drawing and calculation of the water
supply system
Designing of water supply systems should be started from the insertion of its
components. Therefore, the Fixtures, Toilet bowls and bidets, Faucets and washba-
sins, Sinks, bathtubs and showers toolbars ought to be used.
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In the case of presented single-family house, it will be equipped with the basic
sanitary receptors and equipment. The insertion of a bath is presented in Figure
3.99. It is recommended to use Sinks, bathtubs and showers toolbar for insertion.
Bathtubs can be also found in Sanitary sewerage toolbar, however, they do not con-
tain faucets in this case and therefore, this toolbar is intended for sewage
system designing.

File Edit Components Modules Componentdata Options View Help
mmmommoE Dn:.l =
Program i Functio

ctions | Fistures {Water main Sai

faucet and shower

I aEsS DL § e
7
Ll

007 +20 °C]
Oreq. 72T W
Kitchen

002 +20
@req.: 338 W
Boiler room

o m—— _}_|.L._._;_ —‘i—f""-'-';

fFg w2 Fx X | SN\
O
;

Figure 3.99. Bathtube insertion from Sinks, bathtubs and showers toolbar

Washbasins (Figure 3.100) can be found in Faucets and washbasins toolbar.
After the insertion in the suitable location, their dimensions can be easily changed
by the use of the Data table. In fact, it is also possible to change the type of the
given element. For example, the change into double washbasin can be done.

Figures 3.100 and 3.101 show the process of insertion of different sanitary
equipment applied in households in kitchen and bathrooms. All presented elements
should be treated as the examples and application of them should depend on the
investors and designers decisions.
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File Edit Components Modules Componentdata Options View Help
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Figure 3.100. Washbasin insertion from Faucets and washbasins toolbar
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Figure 3.101. Toilet bowl insertion from Toilet bowls and bidets toolbar
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Toilet bowls can be found in Toilet bowls and bidets toolbar. In the case of toi-
let bowl, it is possible to choose several types of flush tanks (standard or concealed
with water inlets located centrally or in a side). In the presented example, standard
flush tank with central inlet was chosen (Figure 3.101).

The other equipment like washing machines and dishwashers can be found in
the Fixtures toolbar. Some unusual elements, applied for technological systems like
air conditioners, etc., can be also found in the same place (Figure 3.102).

File Edit Components Modules Componentdsta Options View Help
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Figure 3.102. Dishwasher insertion from the Fixtures toolbar

The bathroom on the first floor is planned to be equipped with corner bathtub.
To insert the corner bathtub, it is necessary to select the standard one and change its
type in the Data table, as presented in Figure 3.103.

The dimensions of the bathtub can be easily modified by the use of Sizes
in Data table. 1t is also possible to change the position of the faucet by the use
of the mouse. For that aim it is necessary to select the given draw-off point by click-
ing it and then to move it to the suitable position, constantly pressing the left button
of the mouse.
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Figure 3.103. Bathtube type editing in Data table

The next step, after the insertion of all receivers with faucets and washing
equipment, is an addition of the source elements of the system. Water main toolbar
will be therefore used to insert the heater and source of water. In heater’s Data
table, hot water circulation connection should be added (Figure 3.104). Hot water
circulation system is assumed to be made of the same pipes as cold and hot water
system. The idea of hot water circulation designing is presented in the 1.2.2. and
1.2.3. sub-chapters. In this particular building it will provide water circulation be-
tween the heater and the kitchen draw-off points placed on the ground floor
(horizontal pipe) but also it will support circulation for the above floor using the
extra riser.

Other element to be inserted is a source of cold water. Source can be found in
the Water main toolbar, as a symbol of cold and hot water starting points. After its
insertion, it is necessary to change the type of source into cold water only
(Figure 3.105).

Cold water source should be connected with the heater by the use of pipe-run
icon from the Water main toolbar. Blue one means cold water and the red one — hot
water. There is also pink line of circulation pipe, available for drawing. Using
AUTO and ORTO function simplifies drawing of pipes routes.
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Figure 3.104. Heater insertion from Water main toolbar

At the beginning of the water supply system, the measure set should be

designed. Therefore, insertion of ball valves, filter, water

meter and backflow

preventer is crucial. If the types of inserted components were not selected in
project options (Figure 3.98), they should be chosen from catalogues in Data table

(Figure 3.105).
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Figure 3.105. Measuring set with ball valves, water meter, filter and the backflow preventer
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In the case when catalogues do not contain the suitable component, it is possible
to use the other manner of its identification. In the described example, the backflow
preventer was designed in this way. Instead of choosing its type from the catalogue,
total pressure drop was entered in Data table (Figure 3.105). Pressure drop can be
also described by hydraulic parameters like C or k,, given by the valve producer.

After insertion of water source and the heater, the rest of installation compo-
nents should be connected with sources of cold (installation) and hot (heater) water.
For connection of the elements, pipe runs of chosen type from Water Main toolbar
should be used.

The important element of installation is stack — its localization is crucial for the
pipe runs drawing, especially between the particular storeys. Therefore, stacks of
cold and hot water, as well as hot water circulation, should be inserted into the
drawing. Unlike in the case of heating installation, here the stack should be inserted
as stack object, not a drawing. The same idea of identification by symbol (number)
works in the case of Instal-San T.

In the case of stack component application, it is important to change the default
options from Data table into the real values. Therefore, Elevation and Connections
categories should be selected separately.

After the water meter set, the pipes vertically go below the ceiling of the ground
floor and deliver water to the particular rooms of that storey. Cold water is delivered
to the washbasin in the boiler room. All pipes ale directed towards bathoom (Room
003) and from there they are conducted towards stack described in Figure 3.106 as
“1”. From there water is supplied upwards to the first storey and downwards to draw-
off points of the bathroom. Also three pipes (cold, hot and circulation) are directed
towards kitchen (Room 007) in the space of the suspended ceiling.

003 +24 °C
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Bathroom

|
|
|
o1 200 ||| () e é‘r %

—— & ——1]
008 +19 °C | Preq.- 323 W ! 277 mth
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Figure 3.106. Stack insertion from the Water main toolbar and its identification
on the ground floor
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On the first floor, installation of cold and hot water is simple because it co-
vers only one bathrom with bath, shower, washbasin and toilet. The circulation
pipe should be connected with hot water on this exact storey. Stack, localized by
the insertion of its number, is a source of water. All the components should be
connected with the stack by the use of the pipe runs. Automatic connection of
selected elements can be done by the use of method described in 3.1.8. chapter
(Ctrl+Shift+A).

After all connections are finished, the first calculations can be done. In the
case of water supply systems, calculation options can be imported from the pro-
ducers’ catalgues or inserted manually. Options for system calculation are pre-
sented in Figure 3.108.
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Figure 3.107. Stack insertion and identification on first floor
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Specify diameter sizing options and proceed &5 Print E]
SAN calculation options | Results

4 Watkrsupely Pipe sizing options

Pipe sizing options
- Calculations option: [V] Resize diameters

Results editing options [¥] Retain user specified diameters

[¥] Adjust hot/cold water pipes relating to specified pressure at source

[7] Skip to pipe successors

Pipe family: If not sized, go to
Uponor PE-Xa 53.2 pipes in coils [-..] Uponor PE-Xa 53.2 pipes in straight lengths =]
Uponor PE-Xa 53.2 pipes in straight lengths (NONE)

The following set of diameter sizing options is available for the selected pipes

connection line building unit stack distr, system Circulation
Minint.diam. [mm] 7.0 70 7.0 7.0
vmax [m/s] 2,00 2,00 2,00 2,00 0.50
Rmax [Pa/m] 500,00
vmin [mfs] 0,10 0.10 0,10 010 0,00
[ & saveoptionsset | [ & Loadoptionsset | [ 2 Gptions from catelogue |

Figure 3.108. Pipes sizing options in calculations window

Results of calculations include Title, General results — water system, Calcula-
tion options, Critical hydraulic routes, Receptor, Flow pats & circuits, Heaters,
Pipe-runs and Bill of materials.

General results containing calculated information about length of the particualr
pipes, system capacity, available pressure etc. are presented in Figure 3.109.

Results - General results - Water supply B
SAN calculation options | Results
4 - Water supply installation
.. Title
.. General results - Water 5| @€NEral results
Ca.lfu\at\ons Dp.tIDI"IS Mo, of sources 2
- Critical hydraulic routes
Mo. of heaters 2
- Receptor
4 Flow paths, Circuits Mo. of CW and HW receptors 34
Flow paths CW Ma. of CW and CW pipe-runs 94
Flow paths HW incl.
Circulation circuits Mo, of CW pipe-runs 57
-~ Heaters Mo. of HW pipe-runs 37
4 Pipe-runs Mo. of circulation circuits 4
Cold water pipe-runs
Mo. of circulation pipe-runs 10
Hot water pipe-runs
‘... Circulation pipe-runsg Total pipe network length 80,0 m
4 - Bill of materials incl. CW 369m
List of pipes, pipe fittings| | incl. HW 30.4m
List of insulation incl. circulation 127 m
L!St of valves and fittings Total capacity of pipe network 11,0 dm*
List of tap assemblies any
incl. OW 59dm?®
i Pipes summary
incl. HW 3.8dm®
incl. circulation 13dm®

Figure 3.109. General results of calculations
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Flow paths window (Figure 3.110) include information about path between
draw-off points and system source together with types of the assigned pipes, dimen-
sions of particular pipe-runs and other hydraulic parameters. Flow paths can be
checked for all circuits: cold, hot and circulation water.

Results - Flow paths HW & Print ]H [ ] cancel ]
SAN calculation options | Results
- Water supply installation Flow paths HW
~Title Description  Type L Vs Diam. Piperun type R RiL b4 Z  oparm 2p 28
General results - Water s [m] [dm¥%s]  [mm] [m/s]  [Fa/m]  [kPa] [kPa] [kPa] kPa] K
- Calculations options | [SoUrcel ne name.
Critical hydraulic routes Path to receptor: Sh 5 Type: HW 4
~Receptor no name SRC 2050 0802 0,00 000
4 Flow paths, Circuits 1 cw w| 000 2050 0802 32x44 PEXac 1897 182756 000 305 471 1962 2333 00
Flow paths CW Valve: 2p = 0,000 Diameter Aps gop [kPa]  Setting:
o paths 1V, Valve: Ball valve Diameter 33 4p= 015 [icPa] Setting:
Circulation circuits
- Heaters Valve: Ball valve Diameter 35 4p=015 [kPa] setting:
4 Pipe-runs 2 cow »| 000 0660 0426 25x35 PEXac 1673 200149 000 465 651 0,00 651 00
- Cold water pipe-runs no name HTR 0660 0426 050 069 069 00
Hot water pipe-runs H3 HW »| 0oo 0660 0426 25x35 PEXac 1673 153883 000 180 248 0,00 248 00
- Circulation pipe-runs H7 HW B 000 0590 0398 25%35 PEXac 1563 136432 000 255 307 0,00 307 0o
4-Bill of materials H11 HW B 155 0370 029 20%x28 PEXac 1817 234175 363 380 586 0,00 s49 0o
- List of pipes, pipe fittings H1z2 HW »| 014 0370 029 20%x28 PEXac 1817 234178 033 000 000 0,00 033 00
List of insulation H14 HW »| 000 0220 0205 16%22 PEXac 1940 342634 000 180 334 000 334 00
- List of valves and fittings| H16 HW b 000 0150 0150 16x322 PEXac 1419 196850 000 180 179 0,00 179 00
List of tap assemblies any| TAp - 52,03 kPa
- Pipes summary

Figure 3.110. Flow path of hot water in results of hydraulic calculations

Results - Cold water pipe-runs & Print ]B I F] cancel l
SAN calculation options | Results
! “EratTE\’ﬂ?pply sl - CPR- [m% dm’, piam p‘g:r:" [m/s] [Pl R [kRPa% = [kPaZ: S e
i General results - Water 51| Group: "Ungrouped"”
Calculations options 1 P (S0) 172 2050 0802 32x44 PEXac 1897 182756 381 3962 4657 6
Critical hydraulic routes e Ball valve Diameter 33 2p= 15 [kPal
i Receptor Valve: Ball valve Diameter 33 Ap= 015 [kPa
B HDV;‘::::Z‘;:?V‘:S Valve: Ap = 20000 Diamete pp= 4p= 3000  [kPa Setting: 30,0 kPa
Flow paths HW 2 vl 098 0660 0426 25x35 FEXac 1673 200148 198 425 585 000 792 6
. Circulation circuits 3 ! 043 1390 0651 32x44 FPEXac 1540 126375 062 220 261 000 322 s
L Heaters 4 »3 021 1320 0833 32x44 PEXac 1497 120211 026 280 314 000 339 [
a Pipe-runs 5 M4 745 0220 0205 16x22 PEXac 1940 447842 3336 425 800 0,00 4136 6
- Cold water pipe-runs|| 6 ¥ s 064 0150 0150 16x22 FEXac 1419 258588 166 140 141 000 307 6
- Hot water pipe-runs || 7 »s 088 0070 0070 16x22 PEXac 0862 68157 060 140 031 000 090 6
- Circulation pipe-runs|| & e 087 1100 0572 32x44 PEXac 1353 100565 088 245 224 000 312 5
4 Bill of materials 9 P 006 0700 0441 25x35 PEXac 1733 212903 014 255 383 000 3% 6
i List of pipes, pipe fittings 10 "9 004 0500 0359 25x35 PEXac 1412 148433 006 385 384 000 390 6
o List of insulation 19 k] 040 0200 0191 16x22 PE-Xac 1803 393758 159 245 398 000 558 6
List of valves and fittings| | 9 b/ 19 053 0130 0130 16x22 PEXac 1230 201251 107 280 212 000 319 3
List of tap assembliesani| 3 " 19 034 0070 0070 16x22 PEXac 062 68175 023 280 06l 000 085 5
Pipes summary 21a ¥ 21 112 0070 0070 16x22 PEXac 0862 68170 077 140 031 000 107 6
21b P 21 a3 0381 0070 0070 16x22 PE-Xa_c 0,662 681,63 055 000 0,00 0,00 055 6
2 v 122 0400 0312 20x28 FEXac 1913 334171 408 320 58 000 993 6
23 » 22 034 0250 0250 20x28 PEXac 1535 226836 076 180 212 000 288 ]
24 P 22 161 0150 0,150 16x22 PE-Xa_c 1413 258638 417 320 322 0,00 739 6
2a "2 114 0150 0150 16x22 FPEXac 1419 258622 29 000 000 000 29 6
5 »3 232 0070 0070 16x22 FEXac 0662 68168 158 270 058 000 217 6
Group: *Ungrouped”
11 pirtual) [P 10 073 0s00 0359 25x35 PEXac 1412 MM3  log 02 0z OO 3 6
12 0,05 0,500 0359 25%x35 PE-Xa_c 1412 148433 007 0,00 0,00 0,00 0,07 6
13 068 0280 0245 20x28 FPEXac 1502 218282 149 565 637 000 787 6
14 047 0130 0130 16x22 PEXac 1230 201250 095 350 272 000 367 [
15 091 0150 0,150 16x22 PE-Xa_c 1413 258644 237 320 322 0,00 559 6
15a 15 1,06 0150 0,150 16x22 PE-Xa_c 1413 258633 274 0,00 0,00 0,00 274 6
16 » 12 095 0220 0205 16x22 FPEXac 1840 447888 425 180 338 000 764 6
17 » 15 083 0070 0070 16x22 PEXac 0862 68172 057 280 0§l 000 118 [
18 P 16 0,88 0150 0,150 16x22 PE-Xa_c 1419 258642 226 280 282 0,00 508 6
182 v 126 0150 0150 16x22 FEXac 1419 258630 327 000 000 000 327 6
Group: *Ungrouped”
1 P (S0) 0,00 2,050 0,802 32x44 PEXac 1,897 182756 0,00 3,05 471 1962 2433 6
<0 i, C Valve Ball valve Diameter 33 4p= 015 [kPa] Setting:

Figure 3.111. Cold water pipe-runs in results of hydraulic calculations
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Pipe-runs include shown in Figure 3.111 presentation of the hydraulic calcula-
tion results of all instalation pats, with specification of the pipes types, dimensions,
hydraulic pressure drop and width of insulation.

Results - List of pipes, pipe fittings and couplings - Water supply B [
SAN calculation optlonsl Results | Print
4 Water supply installation . . P SRS
i Product V Size; Catalogue|
- Title - E Y Export to MS-Excel: Currer
General results - Water sif |List of pi pipe fittin, d
P of pipes. g5 and couplings Export to MS-Excek: Al list
- Calculations options Brass and steel pipe couplings and fittings e ———————
- Critical hydraulic routes - - 5 5 -
Re(aptor Pipe fittings - Brass and steel pipe couplings and fittings
4 Flow paths, Circuits Female connector, reduction, imperial : 1/2°FT - 34'3“!'75 25 pcs.
- Flow paths CW Nipple, reduction, imperial : 1_1/4"MT - 1"MT; 1; pes.
- Flow paths HW Nipple, straight, imperial | 3/8MT - 3/8"MT, 2 pes.
Circulation circuits Nipple, straight, imperial : l'MT—i"MTi li pcs.
- Heaters. UPONOR PE-Xa
4-Pipe-runs Pipes - UPONOR PE-Xa
Cold water pipe-runs Upanor PE-Xa 532 pipes in coils e 16%22 1022682 & m
E'_“"‘I‘“_e’ pipe-runs Uponor PE-Xa 532 pipes in coils il 202! 1001201 E m
ti —runs = + + -
revlation pipe-runs Upanor PE-Xa 532 pipes in coils [T 25%35, 1001202] 8 m
a4 Bill of materials . . . T - +
s - - Uponor PE-Xa 53.2 pipes in coils ) 32x44 1001203, 4 m
i-{ List of pipes, pipe fittings - -
.. List of insulation Pipe fittings - UPONOR PE-Xa . . )
List of valves and fittings| Uponor clamp coupling serie 3.2 e[ 32-1% 1018338, 5. pcs.
- List of tap assernblies any Uponor clamp coupling serie 5.0 :LDE " 10183293 1 pes.
Pipes summary Uponor clamp reducer :LDE 10183653 1 pcs.
Uponor clamp sleeve :LDE 10183553 2 pcs.
Uponor Q&E PPSU connection male thread :LDE 10086613 9 pcs.
Uponor Q&E PPSU coupling equal i 1008669, E pes.
Uponor Q&E PPSU coupling equal i 20, 1008932, 2 pes.
Uponor Q&E PPSU coupling equal i 25, 1008671 2 pes.
Uponor Q&E PPSU coupling with reducer i 20- 18, 1008674, 7 pes.
Uponor Q&E PPSU coupling with reducer i 2518, 1008675, 2 pes.
Uponor Q&E PPSU coupling with reducer i 2530, 1008676, 5 pes.
Uponor Q&E PPSU coupling with reducer i 3775, 1001240 2 pes.
Uponor Q&E PPSU eloow 90° i 16 1008679, 18 pes.
Uponor Q&E PPSU eloow 90° i 20, 1008630, 1 pes.
Uponor Q&E PPSU tee egual i 16 - 16 - 16 1008684, 14! pes.
Uponor Q&E PPSU tee egual i 37.32.32 10013750, 2 pes.
Uponor Q&E PPSU tee with reducer i 16 -20 - 16} 1008710, 2 pes.
Uponor Q&E PPSU tee with reducer i 20-16 - 16 1008700, 2 pes.
Uponor Q&E PPSU tee with reducer i 20 - 16 - 20; 1008683, 1 pes.
Uponor Q&E PPSU tee with reducer i 20-20- 16 1008697, 2 pes.
Uponor Q&E PPSU tee with reducer i 20-25-30; 1008711 3 pes.
Uponor Q&E PPSU tee with reducer i 25 .16 - 25, 1008690, 2 pes.
Uponor Q&E PPSU tee with reducer i 2520 - 16 1008701 2 pes.
. — : Upanar Q&E PPSU tee with reducer ) 25.25-20; 1001420, 2 pes.

Figure 3.112. List of pipes, pipe fittings and couplings in List of materials used in project

List of pipes ... window presented in Figure 3.112 includes all applied pipes
together with their exact dimensions and catalogue numbers.

It must be also mentioned here, that all the calculation results can be exported
to MS-Excel or printed from the program which can be executed using Print button
(Figure 3.112).

3.2.3 Drawing of schematic view as a shadow of the plan views

The last drawing of installation will be the schematic view of the system. Crea-
tion of the schematic view requires insertion of new worksheet (Figure 3.113). As it
was already described, it can be executed in Worksheet management window.
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~'§ Worksheets &J
Active workshest X Close
Murnber:

5/% +f Select
Mame:

Schematic_view

Worksheets in project

Tew
& 03 Ground_fioor EJ E]
& [0 First_floor
I [ At B Gooy
B [0 Dev_view
1l Delete

@) Help

£

[7] sheet is not calculated

Figure 3.113. Creation of new Schematic view worksheet

The first element to be inserted is the construction of the builing in the form of
schematically drawn storeys ceilings (Figure 3.114). Access to this function is
available using suitable icon in Components toolbar under Construction edit scope.

File Edit Components Modules Componentdate Options View Help

Blinstal (OFF
e T
ERES
Frogram { Functions ,Components {Graphics,
B ] 1 2 3 4 5 [ 7 3 9 10 11 12 13 14 15 16 1 =
e e e e s N e 17 Floor elevation label =
= Technical data
Bosement elevatiol -
Ground floor eleva 0,00
Elevation differenc 2,80
Floor thickness 0,20
Finished floor 0,15
False ceiling 0,00
Lowest storey nurr 1
storeys ... [Z]
dH in isometric dr:0,0
= View style

Show elevations  floor

Font Ariel
Line type )

Figure 3.114. Insertion of building construction as cross-section view

All the elements of the designed installation should be inserted to the schemat-
ic view in the specific order. It is important to use the same manner of connection as
in the plan views, because the installation drawn in planar and the schematic view

will be combined as primary-shadow pairs. The schematic view of the exemplary
installation is presented in Figure 3.115.



110 A. Zelazna, Z. Suchorab

File Edit Components Modules Componentdata Options View Help

% cnzEeRes BEEFEE & H | f

Program { Functions {Fitures | Water main [ Sanitary sewerag: drainage Fittings ,Graphics ;T oilet bowls and bidets  Faucets and washbasins  Sinks, bathtubs and showers /| Risers with one fidure [0
13 14 1‘5

124 0 1 2 3 4 5 6 7 8 9 10 11 12
nm il 1 b Lo ol fancniiaanlts IR ffeu Al I e 1 I

N o
.

W e N
li

Figure 3.115. Insertion of the components of the installation in the schematic view

After drawing all the installation elements in the schematic view, it is recom-
mended to use the function of primary-shadow pairs combination available in
Component data main menu. Combination of primary-shadow pairs requires careful
work with selection of the specific element in the right window (schematic view),
its designation as shadows (Mark selected as shadows), selection of the relevant
element in left window and combination (Combine).

All the sources, pipes, receivers should be marked in the following way
(Figure 3.116).

Warksheet n left panel Warksheet in right panel
Ground_fioor - Schematic_view -
0 Show paired component |+| Mark selected as shadows Unmark selected as shadows Combine
r 5 0 70 s 7 8 9 1 11 1 13 1

Figure 3.116. Combination of primary-shadow pairs

After the description of primary-shadow pairs, it is necessary to choose the
window of combination and to save the project. Shift and F10 buttons can be then
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used to refresh the calculations. If the combination was performed properly, there
will be no new errors and therefore the graphical part of the drawing, described
in the next chapter, can be continued.

3.2.4 Printout of the drawings

To prepare the drawings for printout, it is necessary to insert some missing
graphical elements like pipe-runs labels, paper format, drawing chart, etc. Since the
most of these actions were already described in previous sub-chapter, they will not
be discussed here.

Legend can be inserted as a Rectangle from the Graphics toolbar. However, it
can contain text only, therefore it is recommended to finish the legend in AutoCAD
after the drawing is exported, since no icons and symbols can be added to this
text field.

Figures 3.117 — 3.119 contain drawings prepared for printout or export. Such
drawings can be then finished in AutoCAD after exporting the file or printed direct-
ly from the current application.

&

|
|
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|
| Dreq.; 469 W
|
|
|

e

1
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|
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005 +20 °C] |
|
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006 +20° !
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. Legend
1
1101 +20 ° i 1 - stacks of cold water,
fDrequ:";"iO w . hot water and circulation
a 8322 | |
[ - .2 Pipe-runs from stack to receivers
| Tlex . o concealed in plaster
i Distribution pipes designed in
: } dropped ceiling
—
16122 Dreq.- 470 W —
ez : Bathroom IRLEEEEN
£ L I P T |
= et lixzz o,
001 +20 ° | 512 e B
Dreq. 323 W | || == Qo2 Thlzmes
° B 2 | - - -
Orea 77 Hall mrgg? 200 - | [Lublin University of Technology
Boiler room h“‘j-ﬂ-;

[1:50

Kitchen . e [pue
| Plan view of installation 1
==

] e [

[Verttiza by =

Figure 3.117. Final plan view drawing of water supply system on ground floor



112 A. Zelazna, Z. Suchorab

102 +20
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Sleeping

708 +20
Dreq.: 1018 W]
Sleeping

Legend

101 +20° l

@req.- 530 W 1 - stacks of cold water,

hot water and circulation

IPipe-runs from stack to receivers
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= D pipes designed in
| dropped ceiling
i
104 +20

Oreq.: 681 W .
J Sleeping _ —
! Lublin University of Technology
i e o e
| [Plan view of installation ? ‘ [1:50

Figure 3.118. Final plan view drawing of water supply system on the first floor

Legend

Pipeuns from stack to receivers
sonoeales

Distribution pipes Lup\in University of Techn_nlng

dropped

[Pizn view of metsizon

=

Figure 3.119. Final schematic view of water supply system

Export of the drawings to AutoCAD program can be executed in the same way
as described previously in the sub-chapter sacrificed to the heating installations,
thus it will not be described in this part of the book.
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4 Summary

Designing of sanitary installations requires a broad scope of knowledge, con-
nected with both physical basics of environmental processes and current regulations
in the engineering branch. The basic information about radiant heating systems and
water supply installations for single-family houses presented in the theoretical part
of this book can be treated as brief foreword for Computer Aided Designing. De-
scribed in the first chapter theoretical basics are therefore intended for engineers
who got the knowledge about designing of heating installations and water supply
systems. For the beginners in Environmental Engineering, it is recommended to
start with theoretical literature positions concerning traditional designing methods
before using Computer Aided Desinging on the basis of this book.

InstalSystem package described in the second chapter of the monograph is one
of the alternatives for Computer Aided Designing of sanitary installations. It dis-
criminates among the corresponding applications by the simplicity of usage and
abundance of automatic functions like creation of schematic view. The examples of
Computer Aided Designing presented in third chapter are therefore deliberated as
short (based on single-family house solutions), but full of additional options. They
aim in presentation of possibilities offered by InstalSystem, and partially they are
the source of knowledge about the solutions used in the engineers’ practice. The
authors wanted to encourage the possible users of the mentioned applications for
development of abilities, which can be achieved mostly by practice.
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