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Technicko-ekonomické zhodnoceni pouZiti #udi v konstrukcich pajenych deskovych
vyméniki v podminkachCR

Abstrakt: Prijemné vnitni prostedi v obytnych domech, {onyslovych a viejnych budovach
je dnes absolutni standard. Uzivatet&l@vaji pijemnou teplotu okolniho vzduchu i vody.
Je proto bezpodmitee nutné @innétizeni teploty. Z ekonomického a ekologického pohled
musi byt idealni teplota zaj&ta s vyuzitim co mozna nejmensiho mnoZstvi eneagse
souladem s Zivotnim prasdim. Tato praceipdstavuje deskové vyniky tepla, které jsou
klicovymi komponenty celéady systém centralniho zasobovani teplem, vytidpa gipravy
teplé vody. V ramci prace byly ve spolupraci senteesovanymi firmami sestaveny skupiny,
ve kterych se posuzovaly deskové wniky tepla s vyminiky trubkovymi na zaklad
zvolenych kritérii. DalStast prace poukazuje na technicky stav dvédirpajenych deskovych
vymeéniku tepla z praxe v jedné teplérpo gti letech provozu. Ziskané vysledky a poznatky
poslouzily jako doporkeni pro teplarny, ktery typ vygniku je vhodno k pouziti na zakkad
zvolenych kritérii v podminkactirR.

Kli ¢ova slova:mechanika, termodynamika, mechanika matgrigtrojirenstvi, vyranik tepla

Technical economical evaluation of the copper usa the construction of the brazed

plate heat exchangers in the conditions of the CzZed®epublic

Summary: Comfortable indoors place in houses, industria pablic buildings is absolute
standard at present. Users expect a pleasant tetapeeof air and water. Have effective control
of the temperature is necessary. The ideal temyeraas to be ensured by using the possible
smallest amount of energy and environmentally tthgfor economic and environmental point
of view. This thesis presents brazed plate exchrangich are main components a lots
of systems of district heating and tap water. Dyitime preparation of the thesis, groups were
established in cooperation with interested comganwehich were used to assess plate
exchangers in comparison with shell-and-tube exgbnbased on selected criteria. Another
part of the thesis shows the technical conditiotwaf copper brazed plate exchangers after five
years of operation in a heat plant. The resultsiaiodmation obtained were used to conclude
which type of exchanger can be recommended to pleatts for use based on selected

criteria under the conditions present in the CZgepublic.

Key words: mechanics, thermodynamics, mechanics of mateaatgneering, heat exchanger
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FACULTY OF ENGINEERING — DEPARTMENT OF MECHANICAL EGINEERING

1 Introduction

Heated tap water is part of everyday life and i @ibasic needs. This is the reason why
tap water installation must be reliable, economiaall above all provide hygienically
clean water. District heating is environmentalliefidly and reliable method of delivering
comfort heating. It is great opportunity to hawxible and energy efficient use waste heat from
industry, waste incineration, industrial procesmad sewage or in heating plans. Solutions that
are complete and easy to install for supply distneating and hot tap water suitable is

centralized heat supply.

The centralized heat supply is a reliable and enwrentally favourable method
of supply of district heating and hot tap waterjakhalso brings about the possibility of using
waste heat from industrial operations. For effitipreparation district heating/hot tap water,
heat exchangers play an important role. Brazedwsidn-bonded heat exchangers are used for
applications requiring inexpensive solution in cacisize. These two types of exchangers are
mainly used in compact heat exchanging stationfiédrtap water preparation or for district
heating. Hot tap water flows from the heat souncéhe heat station to a heat exchanger, which
isolates the sources from the centralized heatlgygpe system. Then the heat is distributed
to various end users, where heat exchanging staénsure the transfer of heat to individual
buildings. These stations usually consist of ore b&changer for district heating and another

for hot tap water preparation.
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2 Obijectives of work

The aim of thesis is to describe technical econaheéwaluation of the copper use
in the construction of the brazed plate heat exghiemnin the conditions of the Czech Republic.

The experimental part of this thesis will contairechinical economical
evaluation of the copper use in the constructionthed brazed plate heat exchangers
in the conditions of the Czech Republic. Data fais tanalysis should be collected from
the companies, which are focused on productiomefhieat exchangers. For these purposes,
a collaboration was started with the Alfa Laval Q@amy, which is among the leading
manufacturers of heat exchangers and disposes ofensxe experience

in production of compact heat transfer stations.

After consultations with Alfa Laval, the followingethodology procedure was selected

to achieve this objective, which corresponds whih dssignment of the thesis:

« Assessment of copper brazed plate heat exchangehe iconditions of the Czech
Republic.

« Evaluation of a specific case in one heating plaith assessment of suitability
of implementation of copper brazed heat exchangiEns hot tap water
production and district heating.

* The discussion of the thesis consists of the recenaation of the most suitable
model of certain selected heat exchangers withertgp their economical
parameters.
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3 Literature Overview

Heat exchangers are devices that provide the gansthermal energy between two or
more fluids at different temperatures. Heat exckeamgare used in a wide variety
of applications, such as power production, procelssmical and food industries, electronics,
environmental engineering, waste heat recovery,ufaaturing, industry, air-conditioning,

refrigeration, space applications, ets (Shah, 1981)

3.1 Types and classification of heat exchangers

Based on the method of heat transfer between sudestaheat exchangers can be

divided as follows:

* Recovery heat exchangersheat exchangers, where the heat is exchangpddsage
through a heat transfer area dividing the substareechangers of this type are used
in almost all cooling equipment and heat pumps withy rare exceptions (Dyak,
1992).

* Mixer heat exchangers(in some industries called contact exchangers)based
on direct contact between the substances and #iarhasfer is usually connected with
a transfer of mass. Such heat exchangers inclglargxing steam/water injectors,
cooling towers of heat power plants etc.

» Regeneration heat exchangers the medium is warmed up by the warmer (cooled)
substance and cooled down by the cooler (warmeld3tance alternatively. These

exchangers include e.g. combustion air heatergim-dutput boilers.

3.1.1 Recuperative heat exchangers

Figure 1 — Diagram of recovery heat exchanger

My

e

._..Fk‘l
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Source — Sedl&k, 2007
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The simplest example of a recuperative heat exaras@ tube with a small diameter

inserted in a tube of larger diameter - see theréd.

Recuperative heat exchangers are very diversenmstef function as well as design;

they can be classified as follows:

* By the number of substances patrticipating in the het exchange
o Double-media exchanger

o Triple-media exchanger
By the flow direction of medium through exchanger- there are three basic

configurations of flow of both liquids; based ore tthow direction, exchangers can be

divided into the following groups:
Parallel Flow exchanger, where both liquids flovorej the heat transfer

area in the same direction (shown by solid arrowSigure 2).
Counter Flow exchanger, where the liquids flow glathe heat transfer

(0]

area in opposite directions (shown by dashed armowgure 2).

Figure 2 — Example of a parallel flow and counterldbw configuration of a plate exchanger

P  S—
/1
/]
// (]
f i
..'\”1' l
(O
7/ 0P T
i b rd
L Y
§$3.S

/5 %ﬁ Parallel Flow
77

Source — Alfa Laval, s.r.o.

o Cross flow heat exchanger, where the speed vedtordoth liquids are

perpendicular.
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* By configuration of flow of both media- see the figure bellow

Figure 3 — Classification of recovery heat exchangeby configuration of flow of media
4 ™
both substances

flow in one stroke
\ J

one substance
flows in multiple
strokes

temperatures of
both substances
are changing

both substances

two-fluid : :
o flow in multiple
recovery hea —

exchangers \. J

-
temperature of
temperature of at
| one substance
east one

substance is L doesn‘tchange
changing

-

temperature of

both substances
don‘tchange

Source — Dvaak, 1992

* By design layout- below is list the main types of recovery heatt@ngers used at
present in cooling systems and in various seconakay utilization systems.
o Double tube exchangers
= Bundle double tube exchanger
= Spiral double tube exchanger
o Shell-and-tube exchangers
= Shell-and-tube exchanger with baffles
= Horizontal shell-and-tube exchanger
= Bundle shell-and-tube exchanger
= Vertical shell-and-tube exchanger
o Bundle exchangers
= Bundle exchanger in open tank
= Cross blow bundle exchanger
= Sprinkling condenser

= Evaporating exchanger
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o Coil-wound exchangers
= Small coil-wound exchangers
= Large coil-wound exchangers
o Plate exchangers
= Plate fin exchangers
= Plate exchangers with fused plates
= Demountable plate exchangers

0 Heat transfer tubes
3.1.2 Mixer exchangers

Mixer exchangers can used as chillers for heasteamnd, possibly, concurrent transfer
of mass (humidification, desiccation) between lijand gas or vapour, assumed there are no

unwanted physical or chemical reactions betweeh b@dia.
The main characteristics include:

» Possibility of achieving a small difference betwdbe output temperatures of both
substances.

» Usually lower weight of the exchanger or its mgtarts compared to a recovery
exchanger. The dimensions and flow resistancelate sjmilar to recovery exchangers.

» Possibility to concurrently capture solid partic{dsist from air), dissolution (washing)
of gaseous or liquid impurities, absorption of oemsed moist or

condensation of vapours of a substance identidie@ooling fluid.
3.1.3 Regenerative exchangers

Regenerative exchangers are heat exchangers wiigrdéiquids flow along the same
wall surface, which accepts heat and cools dowmidmener liquid during the heating period

and releases heat and warms up the cooler liguidgithe cooling period.

3.2 Design calculations for recovery exchangers

Calculation of flow resistance is essential for eéimgioning machine for circulating
substance in exchanger. Especially when tryingtenise heat transfer by increasing turbulence
Is important to realize that increase the flow rateuses an increase transfer coefficient
(Dvorék, 1986).
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The thermal calculations of recovery heat exchangex based on the thermal balance
equation and heat conduction equation.

3.2.1 Thermal balance equation

Assumed the exchanger is perfectly thermally inedldrom the environment, i.e.
the heat loss is equal to zero, and then the emdiag flux extracted from the warmer fluid is
accepted by the cooler fluid. The thermal balargpeagon for the entire heat transfer area has

the following form:

|Qe1l = Qrz = Q¢ [W] (3.1)

The equation must also be valid for each elemenhefheat transfer area, i.e. in its

differential form:

|th1| = dQs; = dQ; [VV] (3-2)

To allow heat transfer, the liquid marked as his warmer liquid marked as 2. Heat is
extracted from liquid 1; therefore the heat flux @ negative whereas the heat flux @
positive. That is why all the positive forms abawge the absolute values. It is clear that

the balance equation can be reformed as follows:
— dQ¢ = dQp = dQ; (W] (3.3)
3.2.2 Heat conduction equation

As already mentioned, in practice are exchangeesaviine dividing heat transfer area is

planar (plate exchangers). In this case, the lmatuction equation has the following form:
dQ; = q.dS = k,(t; — t;),Bdx [W] (3.4)
B = width of heat transfer area [m]

(t; — ty), = local temperature difference between both

liquids at the position of elemental area dS K] (3.5)

k, = heat transfer coefficient through the planathensfer area:
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1
ke =15 1
o ite
! 2 W*m2*K 1] (3.6)
o1 = The heat transfer coefficient between
the warm medium and the heat transfer surface [VArent]
02 = The heat transfer coefficient between
the heat transfer surface and the cold medium [VRFHT]
S = thickness of single-layer planar wall [mm]
A = the thermal conductivity of the material
separating the media [WHHK ]

During integration of the heat conduction equatiomjst be taken into account

the variability of local temperature gradient aldhg heat transfer area.

Another common type of the heat transfer areapsesented by cylindrical surfaces

in tube exchangers. The heat conduction equatiobea@ompiled using the following relation:
dQr = qr * dx = ky(t; — t5),dx W] (3.7)

(t; — t,), = local temperature difference between both dqui

at the position of given elemental tube segmeniKix (3.8)
k., = heat transfer coefficient through the cylindricaat transfer area
. 2T
| 1. 1 1
+5In=+

dy*1 A LT ty * T3
WK1 (3.9)

3.2.3 Heat transfer coefficient

Zemansky and Dittman (1997) state that "heat i®riv#l energy in transit."
Logan (1999) recognize that work, too, is energyansit. This terminology distinguishes work

and heat from the amount of energy contained lydg br system. It is then simply the amount
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of energy that has flowed into or out of a systemcontrol volume during the course
of a process.

What is it that happens to the system when enearggded? The molecules of a gas or
liquid translate with greater velocity and thustemm greater kinetic energy. In solids the atoms
bound in their lattice structure oscillate with @exr energy increasing the stored energy
within the solid material. Energy enters the systsmwork when an external force move
through a distance, whereas energy flows into yiseem as heat when there is a temperature
difference between the surroundings and the syst@m.the other hand, if there is no
temperature difference between the system andiiteundings, no heat will flow in or out
of the system, and the system is said to be imtakeequilibrium with its surroundings.
The movement of energy as a result of temperatifferehces is called heat transfer
(Logan 1999).

The heat transfer coefficient is equal to the amofiheat transferred from the warmer
substance to the cooler substance through unitlesat transfer area (i.e. to heat flux density)
with a unit temperature difference between bothstarices. The total overall heat transfer

coefficient k is defined as:

1—1+1+5+R—1+R
k™ a, a AT kT
[-] (3.10)
k., —k

M= =

k [%] (3.11)
d = the thickness of the heat transfer surface [m]
Ry = the fouling factor [RFK*W
ke = clean heat transfer coefficient; &R0) [Wrm 2K 1]
K = design heat transfer coefficient [W2HiK ]
M = design margin [%0]
Combination of these two formulas gives:
M= k. * Ry [9%0] (3.12)

l.e. the higher kvalue, the lower Rvalue to achieve the same design margin.
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3.3 Plate heat exchangers

Channels are formed between the plates and thergoonts are arranged so that the two
media flow through alternate channels. The hetbissferred through the plates and complete

counter-current flow is (as a rule) arranged fghleist possible efficiency.

Figure 4 — Plate heat exchanger

Source — McMillan, 2006
Plate heat exchangers are built of plates formliony thannels. The fluid streams are
separated by flat plates which are smooth or betwech lie corrugated fins. Plate heat
exchangers are used for transferring heat for amybmation of gas, liquid, and two-phase

streamgKakag, Pramuanjaroenkij, 2012).
3.3.1 Design options

To achieve the most efficient heat transfer in ingaand cooling applications, brazed

heat exchangers are configured in either concumeaduntercurrent layout.
* One-pass - All connections are located on one efdthe heat exchanger, which

considerably simplifies its installation.
* Two-pass

10
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» Pre/post heater - Cooling with two coolant types

Figure 5 — Examples of various layouts of brazed ate heat exchangers

One-pass Two-pass Pre/post heater

Source — Alfa Laval, s.r.o.

3.3.2 Types of plates

The efficiency of heat transfer in the exchanged a&ne possibility of accurate
regulation of the heating/cooling process depemdettain extent, on the plate thickness. Each
plate is molded in a hydraulic press under theguesof up to 40 000 tonnes by a single stroke
to the common thickness of 0.4 mm. All the plates @erfectly identical, which minimizes
the risk of deformation and leakages, which caruoae large bundles (which can consist

of several hundreds of plates).

The exchanger plates are molded in so-called fisahwofile. When two plates with
opposite fishbone profiles are placed togethely tireate a spiral flow route with very high
turbulences, which are prerequisite for a high heahsfer coefficient and efficient
self-purification of the exchanger. There are alfwr plate profile patterns, which allow using

the exchangers for other processes, e.g. in casteooigly contaminated media.

The distribution area is molded in so-called chatmlpattern. This innovative type
of corrugation is literally a revolutionary featuia the heat transfer technology. This profile
brings a number of advantages. The most importamts oinclude optimized flow
distribution across the entire heat transfer areaparallel layout and, above all,
elimination of dead zones in the corners, whichallguesult in clogging and corrosion.

The profiled surface of the plates forms flow chelansupports turbulences and creates
support points. The “chocolate” profile of the distition area ensures homogeneous

distribution of the liquid across the plate surfaghile the “fishbone” profile ensures maximum

11
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turbulences on the heat transfer area. All theatufes together ensure highly efficient heat
transfer, eliminating dead zones that could calsgng and corrosion.

3.3.3 Types of channels
At present, two plate profiles are commonly offered

» L plate profile — large temperature differencesedow Theta value (figure 6).

Figure 6 — Low Theta value

Temperature Temperature

T1in i Lower ©

u

A1
T2 out T1 out
A2
T2 in

Source — Alfa Laval, s.r.o.
* H plate profile — small temperature differencesedingh Theta value (figure 7).
Figure 7 — High Theta value

Temperature Temperature
) ]

T1in i Higher ©

AT '
T2 out
T1 out
A2
T2 in

Source — Alfa Laval, s.r.o.

12
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Figure 8 — Plate profiles

s - I
[Tt e e e e

L: Low theta H: High theta

Source — Alfa Laval, s.r.o.

For some duties, cooling applications for examible temperature program is very tight
with close approaches on the different temperatdres gives what it is referred to as high
theta duties and requires high theta units. Higietliuties are duties that hawe> 1 and are
characterized by:

* long plate, longer time for the fluid to be cooled

* low pressing depth that fives less fluid per ptatbe cooled

Plate heat exchangers are superior compared tieasttktube heat exchangers when it
comes to theta values. Shell-and-tube heat exchenggen go up to a maximum value
of theta ~ 1 while plate heat exchangers goes ubeta values of 10 and more. For a shell-
and-tube to climb over theta value of 1 or morgesal shell-and-tube needs to be put in series.

Combining these two profiles, three types of chanie&can be created:

e “L” channels - low turbulence and pressure loss
e “M” channels - medium turbulence and pressure loss

* “H” channels - high turbulence and pressure loss

Figure 9 — Types of channels

e S e e
e ===
ERE —— =°=|
ot |
et e il == Pl e
“M” channels “H" channels

Source — Alfa Laval, s.r.o.
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Advantages and benefits of those channels:

» Efficient heat transfer

* High turbulence

» Variable thermal length

* Low pressure loss

» High reverse heat utilization

» High self-purification capability
* Small heat transfer area

* Low costs of pumping

3.3.4 Calculation of the Heat load, Thermal length (Thetlue) and LMTD

P=m=xc,* AT (kW] (3.13)
0 — AT k+A
LMTD m=c, [ (3.14)

The LMTD value may be calculated using the follogvifiormula, whereAT:=T1-T4
andAT2=T,-T3

LMTD = AT,
I’N‘,Hl
? [K] (3.15)

P = heat load [kw]
AT = difference between inlet and outlet

temperatures on one side K]
C] = Theta value
A = heat transfer area fm
m = mass flow rate [ko*}
Cp = specific heat [kI*KYK]
T1 = inlet temperature - hot side K]
T2 = outlet temperature - hot side K]
T3 = inlet temperature - cool side K]
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T3 = outlet temperature - cool side [K]

LMTD = logarithmic mean temperature difference K]

The amount of mass flowing through a cross seqiemunit time is called the mass
flow rate. It takes different amounts of energyragse the temperature of identical masses
of different substances by one degree. Therefoiis,desirable to have a property that will
enable to compare the energy storage capabilifiesmigous substances. This property is
the specific heat. The specific heat is definethasenergy required to raise the temperature
of a unit mass of a substance by one degree. kergethis energy depends on how the process
is executed. In thermodynamics are two kinds ofjgeheats: specific heat at constant volume
cv and specific heat at constant pressyré&gpression for specific heat at constant pressure
can be obtained by considering a constant-pregsqna@nsion or compression process. (Cengel

and Boles, 2008). Thermal length calculation upesiic heat at constant pressuge c

Logarithmic mean temperature difference is the ofiffe driving force in the heat
exchanger. See picture 10. The larger the temperatifference between the medias is,
the smaller the heat exchanger will be. Temperapuogram means the inlet and outlet
temperatures of both media in the heat exchanger.

Figure 10 — Temperature program

Temperature Temperature
A A
T
AT
T4 T2
AT2
LMTD = AT1-AT2 3
n ATl
AT2

Source — Alfa Laval, s.r.o.
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3.3.5 Advantages

In most cases the plate type is the most efficheat exchanger. Generally it offers
the best solution to thermal problems, giving thielest pressure and temperature limits
within the constraint of current equipment. The mostable advantages of a plate heat

exchanger are:

» Size and weight — takes up much less space andoheas weight than another

constructions (Figure 11).

Figure 11 — Size of heat exchangers

Tube heat
exchanger

Shell & Tube heat exchanger
Plate heat exchanger

Source — Alfa Laval, s.r.o.

» High heat transfer rate — they utilize the thinmasterial for the heat transfer surface
that in turn gives optimum heat transfer, sincendat only has to penetrate thin material
(McMillan, 2006). Plate Heat Exchangers have a lght transfer rate compared to

other types of heat exchangers due to their langace area.

« Compatibility — plate Heat Exchangers have a numhdr applications
in the pharmaceutical, petrochemical, chemical, ggpwndustrial dairy, and food &

beverage industry.

» Efficiency — High turbulence in the medium thatturn gives a higher convection,
which results in efficient heat transfer betweea thedia. The consequence of this
higher heat transfer coefficient per unit area st monly a smaller surface
area requirement but also a more efficient proddésMillan, 2006). The high
turbulence also gives a self-cleaning effect. Tioeeg when compared to the traditional

shell-and-tube heat exchanger, the fouling of &t transfer surfaces is considerably
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reduced. This means that the plate heat excharmmgeramain in service far longer

between cleaning intervals.

* High quality — The brazed plate heat exchangersiratwidually tested. They are
designed to withstand many factors, especially sratpre and pressure variations
in load conditions.

3.3.6 Copper brazed

Brazed plate heat exchanger consists of thin gafihoulded plates made of a high
grade stainless steel, which are joined by vacutamihg using copper in a furnace. The plates
are arranged in such a manner that there are dsabetveen them for the primary
and secondary media, to which the heat carriedigpudistributed through inlet ports. The heat

passes through the walls of individual plates,valhg heat exchange between the media.

Figure 12 — Copper brazed parts

Source — Alfa Laval, s.r.o.

At the contact points between the corrugated plateisin layer of copper is melted at
high temperature. Since copper has good capilletigra i.e., good capability to wet the plate
and fill crevices, the filler gathers where thetptahave contact, sealing and strengthening
the plate pack. The method of joining the stainkissl plates by brazing eliminates the need
for sealing and thick frame plates. The brazingemalt seals and connects the plates using
contact points. Brazed heat exchangers are joihedl ahe contact points, which ensures
the optimum efficiency of heat transfer and higbgsure resistance.

Although copper brazing causes adhesion betweendpger and the stainless steel,

there is no surface reaction between the matefiblscombination of stainless steel and copper
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offers good ductility. Under pressure, substantiedterial deformation can occur before
splitting occurs. The build-up of stress in the enial causes it to change direction, thus
relieving the mechanical load.

While copper brazing results in a high quality plaeat exchanger, the brazing process
must be carefully controlled, otherwise copper mapetrate the stainless steel. This results
in liquid metal embrittlement, a known metallurdiphenomenon which reduces the strength

of the heat exchanger.

Figure 13 — Contact points between the corrugatedigtes and thin layer of copper

400 m B

Source — Alfa Laval, s.r.o.

A — Filler material
B — Plate material

The plates are designed so as to achieve maximiensdirvice possible. The fact
the almost all material is used for heat translema brazed exchangers to have very compact
dimensions, low weight and small retaining voluriide advantages of plate exchangers
include compact size, easy adjustment of outputcdmynecting more plates and perfect
countercurrent in adjacent plates.

A two-material process, copper brazing is an edfiti cost effective method
of manufacturing plate heat exchangers. On the bitred they are limited in their temperature
performance and applications due to the presencepgfer.
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3.3.7 Nickel brazed

Figure 14 — Contact points between the corrugatedigtes and thin layer of nickel

Source — Alfa Laval, s.r.o.

A — Filler material

B — Plate material

Nickel foil is placed between the corrugated stsnlsteel plates and the plate pack is

brazed in a furnace.

Since the melting point of stainless steel is aldodD0°C and that of nickel around
1 500°C, boron and silicone are added to the nitckielwer its melting point to approximately
1 100°C. However, adding boron creates problemsléitainless steel normally contains 17%

chrome, during brazing, the boron penetrates talsss steel and forms chrome borides.

These lower the chrome content of the stainlesd ateund the joins to below 14%,
lowering the corrosion resistance of the plates aaducing ductility. Stainless steel
can normally be extended by 50% before breakagerschblickel brazing decreases ductility
to below 5% and it will break immediately when defied under pressure.

The chrome borides also make the nickel filler hardl brittle, further reducing
the strength of the heat exchanger. Since nickelguwr capillary action, it is crucial that

the plates are in contact with each other durirgibg, and rejects in production are common.
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The nickel brazed plate heat exchanger is an alteenfor applications where copper
IS not appropriate, such as de-ionized water or anian Nickel brazed plate heat exchangers

are limited in their mechanical performance.
3.3.8 Fusion-bonded plate heat exchanger (AlfaFusiomigclgy)

Fusion-bonded plate heat exchanger can handle teigiperatures and has good

resistance to pressure fatigue compared to a ctiomahbrazed plate heat exchanger.

Fusion-bonded plate heat exchanger consists ofrdbb@uof corrugated stainless steel

plates, a frame plate, a pressure plate and caanset all in stainless steel.

The result is the fusion-bonded plate heat exchamgevhole new class offering
extremely high mechanical strength. It is also Bggs, corrosion-resistant and fully recyclable.
Unbeatable reliability The AlfaFusion technologyeates a plate heat exchanger with
possibilities to go much higher in temperature tltammventional brazed units. Its 100%
stainless-steel design allows Fusion-bonded plat¢ Bxchanger to withstand temperatures
of up to 550°C.

Figure 15 — Fusion-bonded parts

Source — Alfa Laval, s.r.o.

AlfaFusion

A new joining method to put together stainless Isteeomponent.
The interaction between the stainless steel plaaéemal and the filler metal during heat
treatment (TLP bonding) results in a homogenous where the chemical and mechanical

properties of the joints is similar the properiéshe plate material.
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Figure 16 — AlfaFusion method

Source — Alfa Laval, s.r.0.
D — Original plate material
E — Original filler material
F — Homogenisation
C - Plate

Success lies in precise temperature control toegehthe correct melting depth and to
avoid melting through the plates. Due to the properof the fusion zone, AlfaFusion gives
a homogenous plate heat exchanger with a high &vebrrosion resistance and higher, or
almost the same resistance to mechanical and th&tigae as other technologies.

3.3.9 Gasketed plate heat exchangers

The plates consist of any operationally suitable aofficiently ductile materials
allowing molding (steels including stainless stealaminium, titanium, alloys) and are amply

profiled to:

* Create suitable flow channels with very small hylicadiameters, allowing high heat
transfer and limited creation of deposits (apprd@% compared to shell-and-tube
exchangers), while preventing accumulation of noneensing gases.

» Reinforce the design to allow use of material atkhess lower than 1 mm.

21



FACULTY OF ENGINEERING — DEPARTMENT OF MECHANICAL EGINEERING

Figure 17 — Exchanger made of molded plates

upper Carrier bar slot

)

. sealing strip

pressed
profiling of
different
configurations

b)

Source — Sedl&ek, 2007

The overall layout of the exchanger shown in Figlifa consists of individual plates
(1) of shape as per Figure 17b suspended on charsr(2) and, together with face plates (3),
constricted by screw bolts (4). The flow of subsemA (solid arrows) and B (hollow arrows)

between individual plates is shown in Figure 17c.

Gasketed plate heat exchangers are limited in thenperature performance

and chemical compatibility. Requires maintenance.
3.3.10 Mechanical performance

The number e is called limit of (1+1Mjhere n approaches infinity and it is irrational

number (Sikorova, 1998). Using this number is exped as cycles of failure on the charts.

Picture 18 is shown temperature variations. Thdtow many cycles the plate heat
exchanger can withstand a temperature change aold@®es. On the vertical part of chart are
cycles to failure and on the horizontal part afges/of plate heat exchangers. Fusion-bonded
and copper brazed are almost equal in lifetimesrms of thermal fatigue. Note that nickel

brazed are far away from copper brazed and fusomuéd; that comes from the really lousy
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stainless steel material in the nickel brazed. §thaless steel material is totally destroyed by

the boron who is used to lower the melting poimttfee nickel foil.

1,E+05 -

1,E+04 -

1 E+03 -

Cycles to failure

Figure 18 — Temperature variations

B Fusion-bonded
W Copper brazed
W Nickel Brazed

1,E+02

T T 1

Fusion-bonded Copper brazed Nickel brazed

Example AT=125°C

Source — Alfa Laval, s.r.o.

Picture 19 is shown pressure variations. That & Imany cycles the plate heat

exchanger can withstand a pressure change of 30Fa#sion-bonded is outstanding in pressure

fatigue. Because in pressure fatigue the join at ¢bntact points takes the load from

the pressure. The strongest joins are in fusiordbdnthey are much stronger than in copper
brazed and nickel brazed. Again nickel brazed persomuch less than fusion-bonded

and copper brazed.

1,E+07 -
1,E+06 -
1,E+05 -

1,E+04 -

Cycles to failure

Figure 19 — Pressure variations

M Fusion-bonded
= Copper brazed
B Hickel brazed

1 E+03

Fusion-bonded  Copper brazed  Nickel brazed

Example AP = 30 bar

Source — Alfa Laval, s.r.o.
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On picture 20 is maximum temperature for fusiondmxh and copper brazed heat
exchangers. Advantage for fusion-bonded is maximemperature is 550°C. For copper
brazed is just 225°C.

Figure 20 — Maximum temperature
00 T
Fusion-bonded
Copper brazed

500 ~

400 -

200 1

Degrea C

200

100

n . T 1
Fusion-bonded Copper brazed

Example maximum temperature

Source — Alfa Laval, s.r.o.

3.4 Shell-and-tube heat exchangers

The shell-and-tube heat exchanger is named ftwd@snajor components — round tubes
mounted inside a cylindrical shell. The shell cglen can be fabricated from rolled plate or from
piping (up to 24 inch diameters). The tubes ane-walled tubing produced specifically for
use in heat exchangers. Other components inclhdehannels (heads), tubesheets, baffles, tie

rods & spacers, pass partition plates and expangaioin(when required).

Shell and tube heat exchangers are significant oaengs in many industries,
particularly in energy conversion systems. The latsfer requirements and the total cost
of shell and tube exchangers are important fa@battseir incorporation in designs in industrial
applications. An optimum design, in terms of batbremics and efficiency, can be obtained
through appropriate selection of design paraméBadeghzadeha, Ehyaeib and Rosenc, 2015).

Shell-and-tube heat exchangers are built of roués mounted in large cylindrical
shells with the tube axis parallel to that of thels They are widely used as oil coolers, power
condensers, preheaters in power plants, steamajersein nuclear power plants, in process
applications, and in chemical industry. The simipfesm of a horizontal shell-and-tube type

condenser with various components is shown in &get. One fluid stream flows through
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the tube while the other flows on the shell sidepss or along the tubes. In a baffled shell-and-
tube heat exchanger, the shell-side stream flonssaairs of baffles and then flows parallel

to the tubes as it flows from one baffle comparttierthe next. There are wide differences

between shell-and-tube heat exchangers depending tlmn application (Kakag

and Pramuanjaroenkij, 2012).

Figure 21 — Horizontal shell-and-tube

] 5 F.
Impingement "urapnr Vant gos Caolant
plate inlet Bafile tet et
* Shell tie rods ouge mi{'

L L1
i

i
|
q =

-
=
‘IR R-R-N:

Tubes Vertically cut *

Coolant segmental baffles Condensate

outlet outlet

Source — TEMA. 1988

The shell-and-tube have merits that are often atusuch as very low-pressure loss
on the primary side and the ability to operate ighhemperatures and pressures. Easy
inspection and cleaning is possible during mainteaadue to its construction. For high
temperature applications up to 600°C a specialgdess needed whereby each tube is
individually sealed with heat resistant seals. Talisws for high temperature differences

between any two media in the shell-and-tube andlswarall sizing resulting in compact

design.

Cross-counter flow must be used in multi-pass aock ounter flow is always
employed in single-pass applications. All waterdeza are sandblasted and epoxy coated for
additional corrosion protection. On request an talthl zinc anode can be inserted into the
headers. Floating and fixed tube bundle arrangesvagstall standard. To further improve heat
transfer the thinnest possible tube walling is eyptl and “dead areas” avoided to the fullest

extent possible.
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3.4.1 Tubes
Figure 22 — Shell-and-tube JAD

Tubing may be seamless or welded. Seamless tubi
is produced in an extrusion process; welded tulsimgyoduced
by rolling a strip into a cylinder and welding theam. Welded

tubing is usually more economical.

Tubing may be finned to provide more heat trans
surface; finning is more common on the outsiddefttibes, but
is also available on the inside of the tubes. Higk tubes are
tubing with special surface to enhance heat tramsfesither or
both sides of the tube wall. Inserts such as édisapes can be
installed inside tubes to improve heat transfeeesfly when
handling viscous fluids in laminar flow conditionsTwisted

tubes are also available. These tubes can previdanced hear

transfer in certain applications.

3.4.2 Tubesheets

Tubesheets are plates or forgings drilled to previdles
through which tubes are inserted. Tubes are apiptely Source = Secespol = CZ, s.ro.
secured to the tubesheet so that the fluid onhik# side is prevented from mixing with the
fluid on the tube side. Holes are drilled in thbdsheet normally in either of two patterns,
triangular or square. Triangular pitch is most ofé@plied because of higher heat transfer and
compactness it provides. Square pitch facilitaeshanical cleaning of the outside of the

tubes.
3.4.3 Baffles
Baffles serve three functions:

e support the tube
* maintain the tube spacing

e direct the flow of fluid in the desired patterndbgh the shell side

A segment, called the baffle cut, is cut away topethe fluid to flow parallel to the

tube axis as it flows from one baffle space to heont Segmental cuts with the height of the
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segment approximately 25 percent of the shell dianse normally the optimum. Baffle cuts
larger or smaller than the optimum typically resalipoorly distributed shell side flow with
large eddies, dead zones behind the baffles arsgyme=drops higher than expected.

The spacing between segmental baffles isctaélie baffle pitch. The baffle pitch
and the baffle cut determine the cross flow vejoartd hence the rate of heat transfer and the
pressure drop. The baffle pitch and baffle cutsmlected during the heat exchanger design to

yield the highest fluid velocity and heat trangfate while respecting the allowable pressure
drop.

3.4.4 Tie rods and spacers
Tie rods and spacers are used for two reasons:

* hold the baffle assembly together

* maintain the selected baffle spacing

The tie rods are secured at one end to the tubesheéat the other end to the last baffle.
They hold the baffle assembly together. The sgaaex placed over the tie rods between each
baffle to maintain the selected baffle pitch. THaimum number of tie rod and spacers depends

on the diameter of the shell and the size of thead and spacers.

3.4.5 Channels (Heads)

Channels or heads are required for shell-and-hala¢ exchangers to contain the tube

side fluid and to provide the desired flow path.nyiaypes of channels are available.
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4 Materials and methods

4.1 Study cases for assessment

The plate exchangers used for the assessment lofitysaf copper brazed plate heat
exchangers included 4 plate exchangers by Alfa ll.@ao. and 4 shell-and-tube exchangers
by Secespol — CZ, s.r.o. Technical specificatiohsthe shell-and-tube exchangers (see
Attachments 7 - 10) are in Czech only as it waspessible to obtain them in English. The life
service is defined as 8 years for all the exchanger

Heat plants in the Czech Republic used to havé-ahdttube heat exchangers, but this
thesis should demonstrate, that plate heat exchaage more efficient and save costs, energy

and environmental.
4.1.1 Criteria applied in the tables

This chapter describes in detail the criteria usedassess the best exchangers

within certain categories.

» Temperature difference in return line (TD)
This figure expresses the difference in temperdiat@een the exchangers at the output
from the primary circuit. It is an important indtoa as the exchanger able to cool
the liquid down to a lower temperature level sasesrgy and pumping works of heat
plant and is more efficient. Save the cost. Theeslkre defined in °C.
The weight of this criterion is 15%.

* Hold-up volume (W)
The size of the hold-up volume affects the speetkgiilation. Heat exchanger with
large hold-up volume has a slower response to agehaf the power demand (decrease
/ increase) than in the heat exchanger with snaddl-bip volume.
Hold-up volume for plate heat exchangers from Aléval is obtained by subtracting
the empty weight from the operating weight andatd by two for the hold-up on one
side. Those parameters are shown in technical fegmns in the attachments 3-6.
Hold-up of shell-and-tube heat exchangers is tdkdsem trubkovice" (Attachments
7-10).

The weight of this criterion is 10%.
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Heat transfer coefficient (k)

This quantity is described in detail in Chapter.3.2

The weight of this criterion is 10%.

Anchoring (AN)

This is a subjective but still very important indior. It entails the method

of connection of the exchanger and it is basecherassessment of the work and time

necessary for its assembly and disassembly. Anagxger with threaded anchoring

and four outlets is ranked by full 5 points becatirgemanipulation is very easy is only

involves placing the exchanger onto the tubes ayidening the thread. On the other

hand, for exchangers with a neck/flat flange, e thecessary for installation is longer

and it entails more work as it is necessary to anthe device using special tools

and holes in various directions. An exchanger chsadesign will be ranked as 2.

The weight of this criterion is 10%.

Mass (m)

The mass is defined as a value expressing the ¢éweértial and gravitational effects

invoked by two solids influencing one another. he tSI system, it is expressed

in kilograms.

The weight of this criterion is 10%.

Area (A)

Here is provides the ground area of the exchanger allow

the calculation the area occupied by 1 exchanger expressed in square meters. This

figure is important for the calculation of costs $pace.

The weight of this criterion is 10%.

Costs (C)

The amount provided in the costs will comprise tbh&al amount for purchasing

the exchangers. All costs for heat exchangersrargded in EUR.

The weight of this criterion is 35%.

The resulting total costs are equal to the prodtitte following partial costs:

o Purchase costs gC- the most significant portion of the total costshas been
determined as the cost of exchanger replacemengexthéy relevant companies as
of 5" March 2015.

o Inspection costs (- theCSN 69 0012 standard implies that a plate exchaisger

not subject to inspection duty while shell-and-tulsechangers not. For such
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exchangers, one operational inspection is mandatorg a year as a minimum. For
the calculation of inspection costs over the 8-y&awice life of the exchanger,
a single constant inflation rate shall be deterwhiag the arithmetic average value.
Inflation rate as an increase in average annual itdRtates percentage change
in last 12-month average over preceding 12-mon#rage. This inflation rate is
appropriate for making adjustments or consideratimnaverage quantities (Czech
Statistical Office). To calculate this constangufies for 2007-2014 will be used.
The Inflation rate provided by the Czech Stati$t@8ice is used: 2007 — 2, 80%;
2008 — 6, 30%; 2009 — 1, 00%; 2010 — 1, 50%; 201,190%; 2012 — 3, 30%; 2013
— 1, 40%; 2014 — 0, 40% (Czech Statistical OfficE)e constant calculated as
the arithmetic average of these values is equal38%. The inspection costs will
be increased by this inflation rate every year. phee of one inspection in 2015 is
1 750 CZK (private service provider). This amoustconverted to EUR using
the exchange rate of 27.29 CZK/EUR (Czech Natid@wik).For the following

7 years (to determine the total costs for the lospe costs), the same inflation rate
constant as for the inspection costs is used. Vhaeviw of the costs for space for
2015-2022 is provided in Table 1.

Table 1 — Inspection costs

Year Ci [EUR]

2015 64, 13
2016 65, 62
2017 67, 14
2018 68, 7C
2019 70, 30
2020 71, 94
2021 73, 61
2022 75, 32
Total 556, 75

Source — Michal Jarga

o Costs for space - this cost portion is important in terms of thechanger's
operation. It is the cost for one exchanger withia production process. The cost
for space itself is strongly individual and canbet determined per area; for this
specific case and for determination of the costwiged in the table, the facility
intended for production was selected. It is locatethe address Za Mototechnou,
Prague 5. The building is leased for 135 CZKmonth (Netrealit.cg This amount
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is converted to EUR using the exchange rate ofRC2K/EUR (Czech National
Bank). In 2015, the lease amounts to EUR 59.401pe¥ (4.95 EUR/n/month
*12). For the following 7 years (to determine tb&at costs for the exchanger area),
the same inflation rate constant as for the inspeatosts is used. The overview

of the costs for space for 2015-2022 is providedahle 2.

Table 2 — Inflation rate

Cs
Year [EUR/M?
2015 59, 40
2016 60, 78
2017 62, 20
2018 63, 69
2019 65, 13
2020 66, 63
2021 68, 20
2022 69, 79
Total 515, 81

Source — Michal Jaréa
Table 2 implies that the costs for 12nover the 8-year service life
of the exchanger amounts to EUR 515.81. This ambastoeen multiplied by
the ground area of the exchanger to determinarlhéunit costs.

This process resulted in the establishment of dgrates for the assessment of 1 copper

brazed plate exchanger in comparison with 1 shrelHabe exchanger.
4.1.2 First category

In this category (Table 3) are exchangers with outh 250 kW for water cooling from
130°C down to 65°C.

» Copper brazed plate heat exchangerl10-30M (Alfa Laval, s.r.o.) for technical data,
see Attachment No. 3
e Shell-and-tube heat exchang®D X 5.38 MF.STA.CS $ecespol — CZ, s.r.o.) - for

technical data, see Attachment No. 7

31



FACULTY OF ENGINEERING — DEPARTMENT OF MECHANICAL EGINEERING

Table 3 — Exchangers with output of 250 kW, wateraoling from 130°C down to 65°C

Model 2 Vm [Wl:m' AN[] M A coste [EUR
[PCT I g = ko] [m7 G C GCs C
C8.10° 000 295461500 Thread 1940002 2142 0 9 2151

JAD X 5.38 Neck/flat
ME.STA CS 1,60 6,60 3326,90 flange 41,70 0,04 1378 557 23 1957

Source — Michal Jaréa

4.1.3 Second category

In this category (Table 4) are exchangers with out 500 kW for water cooling from
130°C down to 65°C.

» Copper brazed plate heat exchangBrl10-64M (Alfa Laval, s.r.o.) for technical data,
see Attachment No. 4
e Shell-and-tube heat exchanggD X 9.88 MF.STA.CS $ecespol — CZ, s.r.o.) - for

technical data, see Attachment No. 8

Table 4 — Exchangers with output of 500 kW, wateraoling from 130°C down to 65°C

k Costs [EUR]

TD Vi  ype Loom A
rerom B MY ke m e o oo oo

Model

CB110-64M 0,00 6,40 4373,00 Thread 31,50 0,03 3610 O 18 3628

JAD X 9.88 Neck/flat
ME.STA CS 2,20 16,00 2578,60 flange 98,00 0,09 2103 557 47 2706

Source — Michal Jaréa

4.1.4 Third category

In this category (Table 5) are exchangers with out 250 kW for water cooling from
80°C down to 25°C.

* Fusion-bonded plate heat exchanger AlfaNova 76-@0#d Laval, s.r.0.) for technical
data, see Attachment No. 5
* Shell-and-tube heat exchanger JAD X 12.114 MF.SBA250(Secespol — CZ, s.r.0.)

- for technical data, see Attachment No. 9
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Table 5 — Exchangers with output of 250 kW, wateraoling from 80°C down to 25°C

™ Vn [Wl:m' AN m A Costs [EUR]
[°C] 1] 24K 1] kgl [m? ¢, C GCs C
A'fa'gg‘ﬁ'a 76~ 000 360 480800 Thread 23,80 0023274 0 10 3284
JAD X 12.114 Neck/flat
M STA GG 250 220 20,10 686,00 |Coe ¥ 156,00 013 5283 557 68 5908

Source — Michal Jaréa

4.1.5 Fourth category

In this category (Table 6) are exchangers with out 500 kW for water cooling from
80°C down to 25°C.

* Fusion-bonded plate heat exchangiaNova 76-50H (Alfa Laval, s.r.o.)for technical

data, see Attachment No. 6
* Shell-and-tube heat exchanger JAD X 12.114 MF.SBAS00(Secespol — CZ, s.r.0.)

- for technical data, see Attachment No. 10

Table 6 — Exchangers with output of 500 kW, wateraoling from 80°C down to 25°C

™™  Vm [Wl:m' AN m A Costs [EUR]
[°Cl 1] 24K -] kal [m7 G, C GCs C
A'faNSS‘Qa 76~ 000 6,05 5402,00 Thread 33,80 0034551 O 15 4566
JAD X 12.114 Neck/flat
MESTAGS 500 540 2010 121310 NCEE A 156,00 013 5283 557 68 5908

Source — Michal Jarka

4.1.6 Weighted sum product - WSA

The Weighted sum product method is used in Chd&pieto evaluate the best suitable

exchanger based on the selected criteria.

First of all, it is necessary to classify the vatgusing the criteria (the maximum being
5 points, minimum 0. The points are expressed eeptage). Then the data can be arranged
in the criteria matrix Y = ()). The elements in this matrix express the asseg#sme

of the " variant based on thé jcriterion. The matrix rows correspond to variamsile
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the matrix columns correspond to the criteria. Theeria can be divided into maximizing
criteria (the higher value, the better ranking) emdimizing criteria (the lower value, the better
ranking). To get a better idea of the quality adivmdual variants, it is also useful to know
the best/the worst theoretical variant. The fifgshem, i.e. the variant achieving the best values
in all criteria, is called the ideal variant, whilee variant with all the criteria values at thevéy

level is called the basal variant (BroZova et2003).

As per Brozova et al. (2003), the method is basethe calculation of so-called utility
function for each variant. Its functional valueaga from 0 to 1; a higher value means a more

beneficial variant. The procedure of the mentiomsdhod is as follows:

Convert the minimizing criteria to maximizing cri@ This can be done by subtracting
individual elements in the minimizing criteria colas from the maximum element
in given column. Thus it was find out by how mudtile tvariant in question is better
than the worst case variant based on given critefiio simplify the explanation, it will
still refer to the resulting transformed criteriatmx as Y (with elements;y.

* Now it need to be determine the ideal variant H laashl variant D.

* Let create a standardized criteria matrix R, wheleenents can be calculate using

the formula
rij = (vij — D;j)/(H; — Dj)

» Forindividual variants (referring to the i-th vamt as g, calculate the utility function
k

u(a;) = Z UjTij
Jj=1

where y are the weights of individual criteria.

* Now can be sort the variants in descending ordehéwtility function.

4.2 Specific case in one heating plant

The Prvni Mostecka a.s. company used to has shelttdbe heat exchangers. Based
on the recommendations of the selling company seddhe technology to copper brazed plate
heat exchangers. With these new exchangers occumadlems because they couldn't
withstand the lifetime and failed to fulfil a retuon investment tap water circuit.
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The company requested review for the reason otduiniife service of copper brazed
plate exchangers at the Most location. The tasksisted in determination of damage
of the plate exchangers and possible causes afidnisge.

It is widely known that many properties of mategialare related to
the composition of their surfaces. The physical @memical properties of the surface influence
factors such as corrosion rate, hydrophobic or dyhitic parameters as well as wear level
and abrasion, which determine the life servicelbbperational tools or parts. This is why
in a number of technological and research branthestudy of “superficial chemistry” is more

and more important.
4.2.1 Preparation of samples from exchangers

Two exchangers were analysed:

» CBH76-80M (for technical data, see Attachment No. 1

» CBH200 (for technical data, see Attachment No. 2)
Figure 23 — Sample of exchanger CBH76-80M

The wunits have been in servig
in a district heating application fo
approximately 5 years. The primary circuit
the hot tap water circuit, while the seconds
circuit is the district heating or intermedia
circuit for domestic heating and subseque
hot tap water preparation. The exchang
serve for heat transfer from the he
station circuit either to the hot service wat
circuit or to the intermediate circui
mentioned above. o

The exchanger CBH76-80M was ct
into several parts; from the smaller pa

Source — Alfa Laval, s.r.o.

a subpart was cut off, which was further cut intealier parts - see Figure 23. During cutting

of the exchanger, parts of corrosive products weleased from the internal surfaces
in the form of dust as well as larger particlesragall lamellas and nodules - these were probably
agglomerates of smaller particles.
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5 Results

5.1 Results of study cases

To assess copper brazed plate exchangers in thigioos of the Czech Republic, two

companies operating on the heat exchanger marketinguded:

« Alfa Laval, s.r.o.

e Secespol - CZ, s.r.o.

These companies were asked to design plate andasidetube exchangers for four
identical projects; the companies sent the quateghie specific exchangers so as to allow
a comprehensive comparison based on the paranmtarsled in Chapter 4.1.1. The heat
exchangers are intended for a wide range of agitsaof heat supply in heavy industry, food
industry and, above all, junction exchange statibtesat energy supply forms in integral part
of the energy sector of the national economy argl ¢nergy infrastructure of cities
and municipalities. As a business sector, it méla¢sbasic needs of citizens that include
ensuring thermal comfort and hot tap water supflygupplies heat energy to commercial
and public sector including schools, offices anddize centres. District heating constitutes
the essential condition for wide deployment of hajficient combined heat and power
technology that substantially saves primary enelBye to those savings and the opportunity
to use a broad range of primary energy source$ydimgy domestic fuels and, renewable
and secondary sources, it plays an indispensabiée ino ensuring the energy security
and independence of the Czech Republic. Distrietihg also contributes to environmental

protection. Heat energy supply helps reduce alupoh in urban areas.

Table 7 summarizes all companies operating on Creatket, which produce heat,
and their boiler capacity. The table specifies hieat supplied from power plants and heat
stations at the interface between the boiler roathraachine room; in case of heating plants
and separate boiler rooms (at the outlet), only pesduced from operating sources (including
leased sources), omitting heat purchased frommedteources. Table 7 shows the potential use
of heat exchangers in the conditions of the CzegpuRlic. Prvni Mostecka a.s. is a member

of the United Energy, a.s. association.
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Table 7 — Heat producers

Heat producers Heat produced (boiler) [GJ] |
ACTHERM spol. s.r.o. 1341111
Alppiq Generation (CZ) s.r.o. 17 463 123
ArcelorMittal Frydek — Mistek a.s. 346 542
C-Energy Bohemia s.r.o. 1 734 853
Centralni zdroj tepla Dobruska, a.s. 73 204
CEZ, a.s. 572 263 583
Dalkia Ceska republika, a.s. 15 086 087
DOTERM SERVIS s.r.0. — pravni nastupce 116 059
E.ON Trend s.r.o. 263 545
Elektrarna Chvaletice a.s. 27 439 106
Elektrarny Opatovice, a.s. 21 265 002
Energetika Tinec, a.s. 11 444 323
ENERGOAQUA, a.s. 257 677
KH TEBIS s.r.o. 92 210
KLATOVSKA TEPLARNA a.s. 261 556
KOMTERM, a.s. 1 592 598
MH Energo s.r.o. 224 385
MVV Energie CZ a.s. 5 060 485
Ostrovska teplarenska, a.s. 435 994
Plzaiska teplarenska, a.s. 8 637 302
Prazska teplarenska a.s. 3 863 000
RWE Energo, s.r.o. 980 622
Sluzby nésta Postoloprty, s.r.o. 28 082
SKO — ENERGO, s.r.0. 5 148 755
TAMERO INVEST s.r.o. 6 046 986
TeplarnaCeské Budjovice, a.s. 3415 459
Teplarna Kyjov, a.s. 188 713
Teplarna Otrokovice a.s. 3 647 920
Teplarna Pisek, a.s. 554 484
Teplarna Strakonice, a.s. 1 823 590
Teplarna Tabor, a.s. 1746 568
Teplarny Brno, a.s. 5 086 659
TEPLO BRUNTAL a.s. 514 848
Thermoservis, spol. s.r.o. 227 000
TTS energo s.r.o. 363 732
United Energy, a.s. 10 046 522
Zasobovani teplem s.r.o. Blansko 241 436

Source — Association for District Heating of the Cech Republic

Table 8 shows the results for the first categaeg, Ghapter 4.1.2. The results are ranked
by 5 points maximum (5 points for the best optiasdd on given criterion); the second value
has been calculated as the percentage differeted®the actual values. The ranking system
is identical for all of the 4 groups. All calculatis used in the thesis are provided in Attachment
No. 11.
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The table also shows the character of individuiéga, their weights and ideal/basic
options, which are necessary to compile the fiable for the assessment of the exchangers.

Table 8 — Score of table 3

k
™ Voo e oang ™A C

FCT 1T Sy [ka] [m? [EUR]

CB110- 400 223 500 500 233 1,99 500
30M

JAD X 5.38 I

TR >3% 500 500 360 200 500 500 455

Criteria MIN MIN MAX MAX MIN MIN MIN

Weight 0,15 0,10 0,10 0,0 0,20 0,10 0,3
|deal 0,00 2,23 5,00 500 233 199 45
Basal 5,00 5,00 3,60 200 500 5,00 50

Source — Michal Jarga

O U Ul

In Table 9, individual criteria are assessed; 1madhat the exchanger is the winner
in the category, while 0 means that it has beenagessful. With regard to the weights used,
the CB 110-30M brazed plate heat exchanger rankéerbwith 55% than the JAD X 5.38
MF.STA.CS shell-and-tube exchanger with 45%.

Table 9 — First variant sorted by the utility function

K
™ Va AN m A C -
Model o W*m - Utilit
o m WY B ke ma Eur) UMY
Cgoﬁo' 100 1,00 1,00 100 1,000,00 000 065 1
JAD X 5.38
yhar A Se 000 000 000 000 00000 100 035 2

Source — Michal Jarga

Table 10 shows the point ranking of the exchangeum provided in Chapter 4.1.3.
These exchanger models are designed for the cof@mO0 kW.

Table 10 — Score of table 4

Kk

D Ve e AN

Model m A c

(Cl I ey kgl [m?7 [EUR]

CB110-64M 0,00 2,00 5,00 500 1,61 1,88 5,00
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JAD X 9.88
MF.STA.CS

Criteria MIN MIN  MAX MAX MIN MIN MIN

Weight 0,15 0,10 0,10 0,0 0,20 0,10 0,3
Ideal 0,00 2,00 5,00 500 1,61 1,88 3,7
Basal 500 5,00 29 200 500 5,00 5,0

Source — Michal Jarga

500 5,00 295 2,00 5,00 5,00 3,78

OT1

W

[e)

The final Table 11 for the second category imptlest the copper brazed plate heat
exchanger CB110-64M is more efficient than thegkxchanger JAD X 9.88 MF.STA.CS;
the ratio is 65% / 35%. In this category, the plaxehanger wins in all aspects except for

the unit costs (per single exchanger).

Table 11 — Second variant sorted by the utility fuotion

K
Model 2  Vm o opwrm- AN Mo A C iy Rank

FCl W ey [ [kl [m?]  [EUR]

cB110-64M 1,00 100 1,00 1,00 1,00 1,000,00 0,65 1

JAD X 9.88

ME.STA CS 0,00 0,00 0,00 0,00 0,00 0,001,000 0,35 2

Source — Michal Jarga

The third category (see Chapter 4.1.4) is summanzelables 12 and 13. Table 12
shows the ranking of the criteria and the final [ab3 shows that the fusion-bonded plate
exchanger AlfaNova 76-30 H wins over the shell-amae exchanger JAD X 12.114
MF.STASC 250 in all aspects. Exchanger of this fgpeheaper and moreover, more advanced
than the shell-and-tube exchanger.

Table 12 — Score of table 5

K
™ Vm m A c
T W~ AN |-
rerom SRS MY ke ma R
A'fa'gg‘;lam' 000 090 500 500 076 070 278
JAD X 12.114
e 2t 500 500 071 200 500 500 50
Criteria MIN MIN MAX MAX MIN MIN __ MIN
Weight 015 010 010 010 010 010 036
deal 000 090 500 500 076 070 278
Basal 500 500 071 200 500 500 500

Source — Michal Jaréa
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Table 13 — Third variant sorted by the utility function

k

™  Vm AN m A c .
o W*m - Utility Rank
el m M O kel ma EoRy U

A'fa'\'gg‘ﬁlam' 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1 1

JAD X 12.114

o2 000 000 000 000 000 000 000 O 2

Source — Michal Jarka

The fourth category (see Chapter 4.1.5) included &echangers with doubled output
compared to the previous category. It amounts @ IB. Table 14 summarizes the ranked
criteria. again, while  Table 15 provided assessmendf  individual
criteria and evaluation of the most efficient exulper. The plate exchanger AlfaNova 76-50H
surpasses the shell-and-tube exchanger JAD X 12MEL8TA.CS 500 in all aspects.

Table 14 — Score of table 6

k

™ Ve wem- AN

m A C

FCl 1 2y [ka] [m? [EUR]

AlfaNova 76-

50H 0,00 1,50 5,00 500 1,08 1,11 3.8

)

JAD X 12.114

ME.STA.CS 500 5,00 5,00 1,12 2,00 5,00 5,00 5,00

Criteria MIN MIN MAX MAX MIN MIN MIN

Weight 0,15 0,10 0,10 0,10 0,10 0,10 0,3p
|deal 0,00 1,50 5,00 500 108 1,11 3,8p
Basal 500 5,00 1,12 200 5,00 5,00 50D

Source — Michal Jaréa

Table 15 — Fourth variant sorted by the utility function

K
™ Vi AN m A c -
o W*m - Utilit Rank
a0 WY 0 ke ma Rl VY
A'fa'\'Sg‘ﬁlam' 1,00 1,00 1,00 1,00 1,00 1,00 1,00 11
JAD X 12.114
o e 000 000 000 000 000000 000 0 2

Source — Michal Jaréa
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5.2 Results of a specific case in one heating plant
5.2.1 Heat exchanger CBH76-80M

The condition of copper joints is, in terms of @mion level, similar on both the primary
and secondary sides of the exchanger; this meatnstime of the sides shows considerably
higher corrosion level compared to the other osee the condition of joints on figures 24

and 25. However, the character of corrosion isd#fit in terms of structure.

Figure 24 — Joint on primary side

Source — Alfa Laval, s.r.o.

The primary side (Figure 24) shows corrosion pobsland coloration around the joint, with

parts of the layer visibly peeled off. The joint® aorroded rather across the surface, i.e.
homogeneously, while the corrosion products confiaigertain cases) a considerable amount
of iron, with a presence of sulphur. It can asstiméthe dark surface layer on the primary side

consists mainly of Cu and Fe oxides.

Figure 25 — Joint on secondary side

Source — Alfa Laval, s.r.o.
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On the secondary side (Figure 25), is visible oo products around the joint
of silvery colour, with a tendency for peeling offne joints on the secondary side are rather

corroded along the grain boundaries.

Chemical reactions of the copper corrosion processunder given conditions

in the secondary circuits

In case a sulphite is used for chemical degasificathe following reaction will occur.
The saturated solution of sodium sulphite has [ this means that the first step in the water

solution will be dissociation:
H20 + NaSQOz — 2Na + OH + HSQy (5.1)

The reaction itself proceeds as follows:

4Cu + HS@ — CwS + 2 CuO + OH (5.2)
Or:
3Cu + HSG — CuS + 2 CuO + OH (5.3)

As far as copper disulphide €31is concerned, it is noted (5.2) that it is a kdaad
grey crystallise powder”, which exactly correspdodthe substances found on the copper

surfaces.

Copper monosulphide CusS is known (5.3) to be actblar blue-black powder, after
pulverization of indigo blue colour”. The blue cosion product was found very rarely

on the primary side; therefore the first optionfgas equation 5.2) appears to be more probable.

Detailed determination of compounds present woelgdssible with a more extensive
research using namely diffraction methods; for fhigpose however, a larger amount of pure
corrosion products would be necessary, which fg&cdit due to the exchanger design.

The character of copper corrosion clearly shows tha major problem is local
corrosion of copper joints on the secondary sidehef exchanger, which leads to faster

destruction of the joint.
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The life service of the exchanger can be improwetirbiting the presence of sulphur
content in the circuits; namely in the secondany, pianiting the sulphite and sulphate content

should considerable improve the situation.

5.2.2 Heat exchanger CBH200

Figure 26 — The researched heat exchanger seen frédrame plate (a) and pressure plate (b)

Source — Alfa Laval, s.r.o.

The investigated CBH200 unit (displayed in figuazand b) has failed due to general
corrosion of the cooper brazing filler materialie secondary side (district heating side, S3-
S4). Massive plastic deformations in the pressua¢epand adjacent channel plates were

detected (26b). The position of the large extelealt has been indicated by arrow.

Figure 27 — Cut out section of the unit showing pktic deformation within the unit

Source — Alfa Laval, s.r.o.
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When the unit was cut open, the lack of brazingtpat contact points of the channel
plates in the secondary side (district heating ,si88-S4) of the unit became obvious
(Figure 27). Residues of black corrosion productsewfound within the secondary side
of the unit mainly accumulated at the brazing @inhich remained. At areas where the brazing

joints had been entirely removed, consecutivelyllemdark circles at the base of the brazing

joints had formed (Figure 28).

Figure 28 — The base area of a corroded copper bram

Source — Alfa Laval, s.r.o.

Figure 29 — The metallographic cross section

tap water
channel

district
heating
channel

N\

Source— Alfa Laval, s.r.o.
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The metallographic cross section revealed no ceeaattacks on the channel plate
material. Cross section from the interior in fig@@ showing a smooth exterior of the plate
material free from intergranular corrosive attackghe S3-S4 (district heating) side of the unit

(indicated by arrows)

Figure 30 — Detail on district heating sides and hdap water sides

District ) tap water District I tap water
heatig (B hestng M D
(S3-S4) (S3-S4)

AY BN AN TR .

Source- Alfa Laval, s.r.o.

Large amounts of carbonate scale fouling were wonrtke primary circuit (tap water
side, S1-S2) (Figure 30), which were indicated bgrical testing using hydrochloric acid.
Missing and corroded brazing joints are also seethe S3-S4 (district heating) side.

The investigated CBH200 unit has failed due to gareorrosion of the copper brazing

filler material in the secondary side (district tieg side, S3-S4).

The magnitude of corrosion of brazing joints haduced the ability of the unit to
withstand internal pressure which has resultedastig deformations of the stabilizing pressure
plate. Ultimately the tensile load on the overlaygpflanks of the stacked channel plates has

resulted in rupture and external leakage.

On the secondary side of the unit indicated alagigirhigh levels of sulphur
in the district heating water. After formation &etbrazing joints within the unit, copper
sulphide compounds have most likely been removethéylow of surrounding media. This

has lead to exposure of pure copper followed adam corrosion. The subsequent
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corrosion and removal of formed products leads se@uential diminishing of the copper
brazing joints at contact points between chanragkglwithin the unit.

No manufacturing defects could be found on therett®r within the unit it can be
definitely conclude that the reduced service lifthe exchanger CBH200 was caused by higher
sulphur content in the secondary circuit; this he reason why the planned life service
of the exchanger was not met. As a conclusion, @natal analysis of water can be
recommended in given area as well as determinafiadhe source of sulphur content and its
reduction, or considering the use of different exxers, which would eliminate any further

corrosion risks.
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6 Discussion

Much research has been carried out in this aresud¢h optimization activities, some
researchers utilize objective functions aimed atreksing total cost and heat transfer
area (Sadeghzadeha, Ehyaeib and Rosenc, 2015j)s ltnésis are used many parameters for

determining optimal selection of right heat exchamg

The selection of a heat exchanger of suitable ty@a important stage of the process
and equipment design. In many industrial applicetjehell-and-tube exchangers are still often
selected automatically; they can be used for amyainal conditions (temperature, pressure)
and there are very good and well-proven calculaposcedures available for their design.
However, other types of exchangers can be moraldaifor many applications. This thesis
concentrates on copper brazed heat exchangersesemnrtheir benefits compared to other

exchangers and explore their technical paramatespecific cases.

6.1 Assessment of copper brazed plate heat exchangenghe conditions of the Czech

Republic

Since economical operation is one of the basiemraitfor the selection of a heat
exchanger, correct economical assessment is ofteerya difficult task with relatively
uncertain results. As the input to this calculat@mumber of parameters can be used, of which
certain part has a large value range, which carbwtverified before the practical
implementation. That is why it is probably impodsibo take into account just the numerical
results of the economical parameters; other analysealso needed. For this purpose, a group
of parameters was established for the comparisoseldcted exchangers; based on these
parameters, the most efficient heat exchanger &wh ecategory should be determined.
The costs, which are of course a major aspectasetiimes of a tough competition on almost
all markets, are of major significance here, butythare not essential. The costs for
the exchanger were calculated based on its purchase, costs for regular inspections
and space occupied by the exchanger in the buildiiegt stations and all subjects working
with heat recovery are well aware that the pricena$é the most important factor when
purchasing new heat exchangers. It is importapoiot out that the cost table takes into account
a single exchanger only; in practice, there argepts far exceeding the number of one

exchanger.
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Other important criteria for the selection of arcleanger included the temperature
difference in the return line, hold-up volume, héatnsfer coefficient, anchoring, mass
and ground area. The criteria used as well as Wirgight are very subjective and it is up to
the party ordering the delivery to establish thieda for the selection of exchanger of a specific
type. However, this procedure is recommended ie chs project for a new heat exchanger.
Using the procedure offered here, every interepedon will be able to get an overview

of the exchanger market, whether for commercigdevsonal use.

The thesis establishes 4 categories, which inctugeplate exchanger and one shell-

and-tube exchanger each, to be assessed bases seidbted criteria.

The first category involved the comparison of tlopper brazed plate exchanger CB
110-30M and welded shell-and-tube exchanger JADBR MF.STA.CS. The values in Table 3
show that the major advantage of the JAD X 5.3831A.CS exchanger is its purchase price.
On the other hand, in terms of other costs, ihess €B 110-30M exchanger which is more
efficient. The WSA method and Table 9 shows that plate exchanger is more efficient
than shell-and-tube exchanger; the ratio is 55I45practice, we can say that the plate

exchanger can be recommended in this categoryitia afphigher purchase costs.

This category involves assessment of the coppereblrgplate heat exchanger
CB110-64M compared to the welded shell-and-tub&éaxger JAD X 9.88 MF.STA.CS. Here
the purchase price is also lower for the shell-amk exchanger than for the plate exchanger
(Table 4). However, table 11 implies that the copdpezed plate exchanger is more efficient

with a ratio of 65/35. In this category, the plaiehanger can also be recommended.

The third category involves assessment of the fubmnded plate heat exchanger
AlfaNova 76-30H compared to the welded shell-arfmetuexchanger JAD X 12.114
MF.STA.CS 250. Here, however, the plate exchargylesis expensive than the shell-and-tube
exchanger (Table 5); based on the selected critiélis more efficient with a ratio of 100:0
(Table 12).

The last category includes the fusion-bonded exgbiaAlfaNova 76-50H and welded
shell-and-tube exchanger JAD X 12.114 MF.STA.CS.386re the results are similar to

the previous category; the plate exchanger is raffi@ent with a ratio of 100:0 (Table 13).
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In all the selected categories, the plate exchasgaore efficient, namely due to better
technical parameters: higher energy efficiency,er@mmpact and easier to manipulate as well

as overall environmental impacts.

The selection of the correct type is importantioid selection of improper technology.
Copper brazed plate exchangers are less expemhsingusion-bonded plate exchangers (see
Tables 3-6); however, the specific application nlngstaken into account. As shown in Chapter
6.2, where copper brazed plate exchangers wereatated by the effects of water with high

sulphur content, all aspects need to be takeraictount when selecting the exchanger.

Walravena, Laenenb and D’haeseleera (2014) sayis “ghown that all plate heat
exchangers perform mostly better than shell-ané-tukat exchangers.” Similar result is also
in this thesis, when plate heat exchangers weterlteein shell-and-tube heat exchangers in all

four categories.

6.2 Evaluation of a specific case in one heating plamntith assessment of suitability
of implementation of copper brazed heat exchangerdgor hot tap water

production and district heating

This thesis concentrates on a specific case, wbepper brazed exchangers were
damaged after 5 years of operation at Prvni Mosteck The examined exchangers included
the CBH76-80M and CBH200 models. At both exchang#dre copper brazed joints at
the secondary side of the exchangers were damd#gediead to more rapid deterioration.
The heat station's secondary side is an encloseditcfor centralized heat supply, where
the flowing water is not exchanged. That meansttiere is no water exchange as in the hot
tap water preparation circuit. The damage restdited the high sulphur content in this circuit.

A general recommendation in this case is to conafiagif chemical analysis of the water
in the district heating circuit with specific attemn to sulphur. If the presence of these
compounds cannot be reduced, a fusion bonded Relaarger consisting of 100% stainless
steel such as the AlfaNova may be recommended. Whidd eliminate any further risk
of copper corrosion. Fusion-bonded plate heat engdraAlfa Nova is recommended after
evaluation of assessment of plate heat exchangeitsei conditions of the Czech Republic

and specific case in one heating plant like besiceh
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Zhua and Zhang (2003) recognized the cost of thte leat exchangers can be more
than 15% lower if the right method is used. Basedhe information found, when selecting
a plate exchanger, it is recommended to take chtbeowater quality to prevent similar
situation from occurring again because the hedtaxger will be subject to the effects of water
with a high sulphur content, which can damage tlagdd joints, thus deteriorating the entire
exchanger. If water quality will be sufficient, cke recommended cheaper copper brazed plate
heat exchanger. For district heating side is coppezed plate heat exchanger is recommended

at all the times and for hot tap water is depenthenwater quality.
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7 Conclusion

This thesis contributes to the area of utilizat@drsecondary heat in centralized heat
supply systems in theoretical as well as practispects.

Chapter “Literature Overview” provides the basifommation about heat exchangers. It
introduces the theoretical calculation of recovexghangers. The following theoretical part
presents the design of plate heat exchangers, ithpwrtant parts and shell-and tube heat
exchangers.

Materials and methods are included in the pracieat of the thesis. This chapter
provides all input values wused for subsequent ¢&ioms as well as

explanation of the procedures selected to fulgl dvjective of the thesis.

Chapter “Results” compiles data from the previodspter and compares all
the mentioned heat exchangers using the WSA megmaather part of this chapter is focused
on specific copper brazed plate exchangers openmagaicctice, which were decommissioned

after five years of operation for the reason of dge

This is followed by chapter “Discussions”, whiclopides comments to all the results,
specifying qualitatively the more efficient exchangn each category. The technical analysis
shows that the damage to the exchangers was notodaelesign fault or incorrectly used
materials. In these cases, the cause consistedoinvpater quality; recommended solutions
include using another type of exchanger or imprgvire quality of used water. In this chapter

is recommendation for the best variant of this cdssudy.

As the conclusion to this thesis, can be say tlaé gxchangers are much more efficient
than shell-and-tube heat exchangers, which werélynesed formerly. Plate exchangers offer
lower maintenance costs and less cleaning, offenagh higher energy efficiency. That is why
their use limits the environmental impacts. It isoaimportant to carefully select the plate
exchanger for the specific application to avoidedetration of the exchangers by the effects

of adverse ambient conditions.

51



FACULTY OF ENGINEERING — DEPARTMENT OF MECHANICAL EGINEERING

References

[1] ASSOCIATION FOR DISTRICT HEATING OF THE CZECH BEPUBLIC: The
members’s yearbook 201Rrague, 2014

[2] BROZOVA, H.; HOUSKA, M.; SUBRT, T.Modely pro vicekriterialni rozhodovéani
PragueCZU, 2003. ISBN 978-80-213-1019-3.

[3] CZECH NATIONAL BANK: Foreign exchange rates: Applicable to March 11,201
[online]. Cited 12. 3. 2015. Available fromttps://www.cnb.cz/cs/financni_trhy/d

evizovy_trh/kurzy devizoveho_trhu/denni_kurz.jsp>.

[4] CZECH STATISTICAL OFFICE:nflation — Types, definition, tablenline]. Cited

14. 3. 2005. Available from <http://www.czso.czlesdakce.nsf/i/mira_inflace>.

[5] CZECH TECHNICAL STANDARD CSN 69 001Pperation of stationary pressure
vesselsPrague: Czech Office for Standards, Metrology &esting, 1986. 40 s.

[6] CENGEL, Y.; BOLES, M.: Thermodynamics: an engineering approa@hed. Boston:
McGraw-Hill Higher Education, 2008, 1018 p. McGr#lilt series in mechanical
and aerospace engineering. ISBN 9780071250849.

[7] DVORAK, Z.: Chladici technika Il: Vyreniky pro chladici zdzeni PragueCVUT,
1992. ISBN 8001004163.

[8] DVORAK, Z.: Z&klady chladici technikyl® ed. Prague: SNTL, 1986, 247 p.
[9] Internal materials of Alfa Laval, s.r.o.

[10] JEZEK, J.; VARADIOVA, B.:Mechanika tekutin3® ed. PragueCVUT, 1997. ISBN
8001016153.

[11] KAKAC, S.; PRAMUANJAROENKIJ, A.: Heat exchangers: selection, rating,
and thermal design3“ ed. Boca Raton, FL: CRC Press, 2012, 615 p. ISBN
1439849900.

[12] LOGAN, E.:Thermodynamics: processes and applicatiddewy York: Marcel Dekker,
1999, v, 427 p. Mechanical engineering (Marcel Bkknc.), 122. ISBN 0824799593.

52



FACULTY OF ENGINEERING — DEPARTMENT OF MECHANICAL EGINEERING

[13] MCMILLAN, M.: Plate Heat Exchangejonline.]. Published 2006. Available from:

<http://www.genemco.com/aloe/plate.html>.

[14] NETREALIT.CZ:Rent production building, Prague 5 - Stdid/ [online]. Cited 12. 3.
2015. Available from <http://www.netrealit.cz/nebyka-pronajem//412-645963>.

[15] SADEGHZADEHA, H.; EHYAEIB, M.; ROSENC, M.: Techno-economic
optimization of a shell and tube heat exchangergeyetic and particle swarm

algorithms Tehran: Islamic Azad University, 2015

[16] SECESPOL - CZ, S.R.O.: JAD vymiky tepla [online]. Cited 21. 3. 2015. Available
from <http://www.secespol.com/cz/produkty/v-m-nitgpla/trubkove/jad/jad.html>.

[17] SEDLACEK, A.: Vyuziti druhotného tepla chladicich/zzeni[Dissertation Thesis],
Prague: Czech University of Life Sciences, 2002p.78

[18] SIKOROVA, R.:e[Diploma Thesis], Prague: Charles University, 198@p.

[19] SHAH, R. K.:Heat Exchangers-Thermo-Hydraulic Fundamentals aedigh New
York, 1981.

[20] Tubular Exchanger Manufactures AssociationNIF: Sandards of the tubular

exchanger manufacturers associati@fi.ed.,New York, 1988, 294 p.

[21] WALRAVENA, D.; LAENENB, B.; D’HAESELEERA, W: Comparison of shell-and-
tube with plate heat exchangers for the use intiemwperature organic Rankine cycles

Leuven: University of Leuven, 2014

[22] ZEMANSKY, M.; DITTMAN R.: Heat and thermodynamics: an intermediate textbook.
7" ed. New York: McGraw-Hill Companies, 1997, 4871$BN 0070170592,

[23] ZHUA, J.; ZHANG, W.: Optimization design of plate heat exchangers (PIti)

geothermal district heating systenisanjin: Tianjin University, 2003

53



FACULTY OF ENGINEERING — DEPARTMENT OF MECHANICAL EGINEERING

List of Figures

Figure 1 — Diagram of recovery heat @XChanger.............uiiiiiiiiiiiiieeeeeeeeevis 3
Figure 2 — Example of a parallel flow and countewfconfiguration of a plate exchanger ....4

Figure 3 — Classification of recovery heat exchasdpy configuration of flow of media........ 5
Figure 4 — Plate heat @XChanQer ...........ccceeeeeeeeeier e e e 10
Figure 5 — Examples of various layouts of brazedepheat exchangers ......................... 11..
Figure 6 — LOW Theta ValUE .........oooeiiiiiiiiie e 12
Figure 7 — High Theta ValUE ..........uueieceee e e e e e e 12
Figure 8 — Plate Profil@S........cooo i e e 13
Figure 9 — Types Of ChanNeIS .........e e 13
Figure 10 — TemMPErature PrOgIaiM ........ .. cccccceeeeeeeeereeunninnaaaaaeaaeaeeaeeeeeeeeeeeeseeeesssmnnnns 15
Figure 11 — Size of heat @XChaNQErS ......ccceeieeeuiiie e 16
Figure 12 — Copper Drazed PArtS........... o eeeeeeeeermmmmmmmmnaaeeeeeeeesseeseseeerssreeremmmm.. 17
Figure 13 — Contact points between the corrugataepand thin layer of copper................ 18
Figure 14 — Contact points between the corrugataegpand thin layer of nickel ................. 19
Figure 15 — Fusion-bonded Parts ..........occeeeeeeiiiii e 20
Figure 16 — AIfaFuSion MEthod .............uuuiiiiiiiii e e e 21
Figure 17 — Exchanger made of molded plates.............ueiiiiiiiiiiiieeeeeis 22
Figure 18 — Temperature VariatiONS .........cooeiiuuuiuuiiiiiae e eeeeeeeeaeb e 23
Figure 19 — PresSsure VariatiONS...........ccceeeeeriiiiiieee e e e eeeeeeeeeeeeeeeaea s e e e e e e e e e e aaes 23
Figure 20 — Maximum tEMPEIALUIE ............commmeeeunrreeeeeeeeeeeeerreeeeerrrrnnnnnn e 24
Figure 21 — Horizontal shell-and-tube ..o 25
Figure 22 — Shell-and-tube JAD ...........iiiceemmmae e e 26
Figure 23 — Sample of exchanger CBH76-80M ..occccc...oviiiiiiiiiieeeeeeeeieeeeeee 35
Figure 24 — JOINt ON PriMary SIOE .......uuvieeeeemeeieeiieieeeeeiiiiirs s e e e e e e e e e e eeeeeeeeaeeeeeeenereannnn 41
Figure 25 — JOINt 0N SECONTAIY SIUE........ .o s eeeeeeeeeeeeeereeeeeeraeern s reeeeesaa e e e eaeeaeeaeees 41

Figure 26 — The researched heat exchanger seerfriiom plate (a) and pressure plate (b).43

Figure 27 — Cut out section of the unit showingsptadeformation within the unit .............. 43
Figure 28 — The base area of a corroded COPPEMIIrazZ..............uuvvieiiiieeeeeeeeeeereeeeennnnnns 44
Figure 29 — The metallographiC CroSS SECHON wmmmneeeeeeriiiiiieeiiiiiieiie e e e e e eeeaeaeeeeeeeeee 44
Figure 30 — Detail on district heating sides antithp water SidesS...........ccccceeeeeeiiiiiieeeens 45

54



FACULTY OF ENGINEERING — DEPARTMENT OF MECHANICAL EGINEERING

List of Tables
Table 1 — INSPECHION COSES....uuiiiiiii ittt e e s 30
Table 2 — INflation Fate.........ooeeiii e 31
Table 3 — Exchangers with output of 250 kW, wataling from 130°C down to 65°C........ 32
Table 4 — Exchangers with output of 500 kW, wataling from 130°C down to 65°C........ 32
Table 5 — Exchangers with output of 250 kW, wataling from 80°C down to 25°C......... 33
Table 6 — Exchangers with output of 500 kW, wataling from 80°C down to 25°C......... 33
Table 7 — Heat PrOUUCEIS ..ot e e eer e e e e e e e e e e e e e e e e eeeananenes 37
Table 8 — SCOre Of A 3 ........uiiiiiiii ettt a e e e e e e e e e e 38
Table 9 — First variant sorted by the utility FUBCE..............ccooiiiiiiiii e 38
Table 10 — Score Of table 4 ..o e 38
Table 11 — Second variant sorted by the utilitychion...............ccccooeeiiiiieis 39
Table 12 — SCOre Of table 5 .....uuiiiieiiii e 39
Table 13 — Third variant sorted by the utility fHIOO ... 40
Table 14 — Score Of table 6 ........ooeiiiiiceemmme e 40
Table 15 — Fourth variant sorted by the utilitydtion .................ccccoee i, 40

55



FACULTY OF ENGINEERING — DEPARTMENT OF MECHANICAL EGINEERING

List of Attachment

Attachment No.
Attachment No.
Attachment No.
Attachment No.
Attachment No.
Attachment No.
Attachment No.
Attachment No.
Attachment No.
Attachment No.
Attachment No.

56

e ————— e e 1
2 e —————— oo e e e e e e e et e e e 3
S e ——————— e e e e e e e e e e e e arae 5
Qe ————— e 7
D e —————— oot e et e e b e e e e e et e e e e e nnr e 9
B ettt ——————— ettt et e e e e e e e e e e e e e e 11
e ———— e e e e 13
B e ————— e e e e 15
D e —————— et e e e e 17
L0 e 19
O PP 21



Attachment No. 1
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www.alfalaval.si

CB76 / CBH76

General information

Alfa Laval introduced s first brazed plate heat exchanger
{BHE} in 1977 and has since continuousty developed and opti-
mized its performance and reliabdity.

Bramng the stainless steel plates together eiminates the need
for gaskets and thick frame plates. The brazing matenial s=als
and holds the plates together at the contact points ensuring
optimal heat transfer efficiency and pressure resistance. The
plate design guarantses the longest possible life.

The desgn options of the brared heat exchanger are exten-
sive. Different plate patterns are available for vanous duties
and performance specifications. You can chooss a standard
configuration BHE, or a unit designed according to your osn
specific needs. The choice is entirely yours,

Typical applications

- HVAC heating/cooling

- Refrigerant applications
- Industrial heating/coofing
- 0il coocling

Working principles

The heating surface consists of thin cormugated metal plates
stacked on fop of each other. Channels are formed betwesn
the plates and comer ports are aranged so that the two
media flow through alternate channels, usualy In counter-
current flow for the most efficient heat transfer process.

Standard design

The plate pack &= covered by cover plates. Connectong are
located in the front or rear cover plate. To improve the heat
transfer design, the channel plates are comugated.

Standard matenals

Ciover plates Stanksss steal
Connacions Stanless steal
Flates Stenless steal
Brarzing matenis Copper

Particulars required for quotation
To enable Alfa Laval’s representative to make a specfic quota-
tion, specify the following particulars in your enguin:

- required flow rates or heat load

- temperature program

- physical properties of iguwds iIn gusstion

- desired working pressure

- maximum permitted pressure drop

Examples of connections

)
I

Insida
thrasded
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CB200 / CBH200

General information

Alfs Laval introduced its first brazed plate heat axchanoar
(BHE) in 1877 and has sinca continuousty developad and
optimized s performance and raliability,

Brazing tha stainkess steal plates togethor eiminatas the noad
and holds the plates together at the contact points ensuring
optimal heat transfer efficiency and pressure resistance. The
plata design guarantess the longest possible lifa.

The dasign options of the brazed heal exchanger am
axtansive. Diferent plate pattams are availabla for various
dwtﬂsandmmm You can choosa a
standard configuration BHE, or a unit designed acconding to
your own specific neads. The choice is enfiraly yours.

Liquid/bguid applications:
- HVAC heating’cooing
- Process i

- Hydrauiic oil cooling
- il cooling

Working principles

The haating surface consists of thin comugated metal plates
stacked on top of esch other. Channals are formed batwesan Examples of connections
the plates and comer ports are amanged =o that the buo media
fiowr through alternate channels, usually in countercumant flow
for tha most efficient heat transfer procaess.

Standard design )
The plate pack is covared by covor plstas. Connactions ano
located in the front or rear cover plate. To improve the heat
transfor dasign, the channad plates am comugated.

Particulars required for quotation
To enable Alfa Laval's rq:mmmmm nﬂaaspmic
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Standard dimensions and weight®

CB200
A measure mm
A measuwre inch

11+ (@7 n) [+-10 memy
CLA3 + [CL11* m) {+/-0.38 inch

Weight™* ki {2 + (06 )
Weight™* T 9545 + (1,327 )
CEHE00

A messure mm
A messure inch
Weght™* kg
Weight™ b

[n = number of plates)

* Excluding cormectons

14+ B7*n [+~10 mm)
CLES + {041 * ) {+/-0.38 inch)
14+ (06" n

3086 +(1.32°n)

Standard data

Min. working temperahes g2 graph
Man. working lempensture e graph
Min. warkeng pressune VBCUUM
Max. working pressure ge granh
Voume per channel, Fres {ga) 0.51 013
Mex. particie sze mm {inch) 1.8 (0.0M
Max. fiowmis’ m3h [ogpm) 128 (561)
Mir. nbr of plates L]
Man. nbor of plsies 230

*Water st & mi's [16.:4 ft's} [connection velocity)

Standard matenals

Cover plaies Simivess steel
Connections Simnloss gtosl
Flates Siarniess sieal
Hraring matenal Copper
Standard dimensions

mim {inch)

Marine approvals

CEMH200 can ba delivered with marine classification
carificate (ABS, BY, CCS5, Class NK; DNV, GL, LR, RIMNA,
RMBS).

Far exact vaies plesce contact your iocal Alle 1 eval represeniatve

Source — Alfa Laval, s.r.o.
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Brazed Plate Heat Exchanger

Technical Specification

Mode - CB110-30M (32871 0159 0)
Project : Michal DT Units 1
ltemMName : CB110-30M 32871 159 0 Date - 271.2015

Hot Side Cold Side

5453 5281
Fluid Water Water
Density ka/m3 G731 8920.1
Specific heat capacity kJikg*K) 418 418
Thermal conductivity Wim* k)  0.667 0.657
Wiscosity inlet cP 0214 0.465
Wiscosity outlet cP 0442 0.353
Wolume flow rate m3/h 3.4 11.0
Inlet temperature “C 1300 60.0
Outlet temperature *C 634 80.0
Pressure drop kPa 207 18.2
Heat exchanged kKW 2500
LMT.0O. K173
OHTC clean conditions Wim2*K)4615
OHTC service Wiim2=K)4616
Heat transfer area mz2 314
Fouling resistance®10000 m2 KW 0.000
Duty margin % 0.00
Relative direction of the fluids Countercurrent
Mumber of passes 1 1
Materialplatel brazing Alloy 316/ Cu
ConnectionS1 (Cold-out) Threaded (External)y/ 2" 150 228/1-G (B23) Alloy
316
Connection32 (Cold-in} Threaded (External)’ 2" S0 228/M1-G (B23) Alloy
316
Connection33 (Hot-out) Threaded (External)’ 2" S0 228/M1-G (B23) Alloy
316
Connection3S4 (Hot-in) Threaded (External)’ 2" S0 228/M1-G (B23) Alloy
316
Pressure vessel code PED
Design pressure at 90.000 Celsius Bar 30.00 30.00
Design pressure at 225.00 Celsius Bar 2500 2500
Design temperature T -198.00225.0
COwerall length x widih x height mm 140 x 191 x 616
Met weight, empty / operating kg 1947253
Package lengih x width x height mm 150 x 210 x 700
Package weight kg 2425
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HEATIMNG SUUAFACE PLATE MATERIL Alloy 216 TOTAL LENGTH 1298 g
HETWEIGHT 1866 kg PLATE THICKMESS 0235 mm TOTAL WIDTH 181.0 w
OP ERATING WEIGHT PLATE GROUPING T 1461 BMH TOTAL HEIGHT E16.0 =
SUPPLIER |REF. |'*‘F N PLATE HEAT EXCHANGER \"ﬂt‘:n-""
AGENTREF.

CLUSTOMER NAME /! REF. NO.

SIGN. |

CB110-30M

ITEM ID.
32871 01580

DATE REV
20130508 Mo, O

Source — Alfa Laval, s.r.o.
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Brazed Plate Heat Exchanger
Technical Specification
Model . CB110-64M (32871 0159 4)
Project - Michal DT Units 1
[temMame c CB1M0-64M 328710155 4 Date C 2712015

Hot Side Cold side

54583 5251
Fluid \Water Water
Dengity kg/m3 97349 9303
Specific heat capacity kdikg*) 418 418
Thermal conductivity Wiim*K) 0666 0.656
Wiscosity inlet cP D214 0465
Wiscosity outlet cP D446 0.353
“olume flow rate m3h 6.8 218
Inlet temperaturs “C 1300 G60.0
Outlet temperature “C 828 0.0
Pressure drop kPa 204 202
Heat exchanged kW S00.0
LM.T.C. K 185
OHTC clean conditionz WIm2=K)4373
QOHTC service Wiim2=K)4373
Heat transfer area ms2 594
Fouling resistance®10000 mZ*KWW 0000
Duty margin % 0.00
Relative directions of fluids Courtercurrent
Mumber of pazses 1 1
IMaterialplate’ brazing Alloy 316/ Cu

Connection>1 (Cold-out)
a1

Connection=2 (Cold-in)
3G

Connection=3 (Hot-out)
3G

Connection=4 (Hot-in)
3G

Pressure veszel code

De=ign pressure at 90.000 Celzius
Deszign pressure at 225.00 Celzius
De=ign temperature

Owerall length x width = height
Met weight, empty f operating
Package length x width x height
Package weight

Threaded (External)/ 2° IS0 228/1-G (B23) Alloy

Threaded (External)/ 2° IS0 228/1-G (B23) Alloy

Threaded (External)/ 2° ISO 228/1-G (B23) Alloy

Threaded (External)/ 2* ISO 228/1-G (B23) Alloy

FPED
Bar 20.00
Bar 2500
“C 196002250

mm 227 x 191 x 616
kg 3157443

mm  385x 210 x 700
kg 2695

30.00
25.00



Mot thal all unique customer raguiremants (Le iokerenca) need o ba weriiad thru Alta 191 d
£ SEE
1
2|Z| 8
178.8 mm |\~
I-—al-1 O e @
-
] L [l
3 w
Tt
3 @
=
R 57 |
o
E o
g i
w| w Za
- B
=g E
i
— & =
-t - e
I z
= = 38 4— 32
o
=
p—— = E
D B T N ME x5
-
L
-
[
o
[N
=
L
=1 =
1 i Y
— ™ —
| R I
~ i
==L~ ;
5
« S
4] w
g
g
H
z
|FlowDinacion]
HEATING SURFACE PLATE MATERIAL Allgy 316 TOTAL LENGTH 2268 g
HETWEIGHT 29.81 g PLATE THICKMESS 0.35 mm TOTAL WIDTH 181.0 w
DPERATING WENGHT PLATE GROUPING T 31ML"32MH TOTAL HEIGHT B16.0 =
SUPPLIER REF. |w= WO, PLATE HEAT EXCHANGER W
AGENTHEF.

CLUSTOMER NAME ! REF. NO.

CB110-64M

—to

ITEM ID.
J2BT1 0150 4

REV
20130508 to. O

Source — Alfa Laval, s.r.o.
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AlfaNovaPlate Heat Exchanger

Technical Specification

Mode . AlfaMova 76-30H (32870 5025 2)
Project : Michal DT Units 1
ltemMName o AlfaNova 76-30H 32870 5029 2 Date - 2712015
Hot Side Cold Side
5453 5251
Fluid Water Water
Density kog/m3 9370 Q494 7
Specific heat capacity kJika*K) 417 418
Thermal conductivity Wiim*K) 0639 0.616
Wiscosity inlet cP 0353 1.3
Wiscosity outlet cP 0931 0.503
Wolume flow rate m3/h 3.9 4.8
Inlet temperature “c B0.0 10.0
Outlet temperature C 233 550
Pressure drop kPa 816 113
Heat exchanged kKW 2500
LMT.D K 185
OHTC clean conditions Wilm2*K)4308
OHTC service Wiimz2=K)4208
Heat transfer area m2 280
Fouling resistance®10000 mZ*kKAwW 0.000
Duty margin % 0.00
Relative direction of the fluids Countercurrent
Mumber of passes 1 1
Materialplatef brazing Alloy 316 f Cu
Connection31 (Cold-out) Threaded (External)’ 2" 30 228/M1-G (B23) Alloy
316
Connection32 (Cold-in) Threaded (External)’ 2" 30 228/M1-G (B23) Alloy
316
Connections3 (Hot-out) Threaded (External) 2" 150 228/M1-G (B23) Alloy
316
Connection34 (Hot-in) Threaded (External)’ 2" 30 228/M1-G (B23) Alloy
316

Pressure vessel code

Design pressure at 75.000 Celsius
Design pressure at 22500 Celsius
Design temperature

Owerall length x width x height
Met weight, empty / operating
Package lengih x width x height
Package weight

PED
Bar 30.00
Bar 26.00
“C 0 -196.0/225.0

mm  145x 191 x 613
ka 2387310

mm 150 x 210 x 700
ko 2.425

30.00
26.00



Plate packape length upper iolerance +~5.00 mm 5.
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HEATING SURFACE me PLATE MATERIAL Alley 16 TOTAL LENGTH 1445 g ==
METWEIGHT 24.10 kg PLATE THICKNESS 0.4 mm TOTAL WIDTH 1910 o 2| A
OPERATIMG WEIGHT 2135 kg PLATE GROUPING 1 14H /7 1*15H TOTAL HEIGHT £18.0 ===
=] =] =]
SUPPLIER — [REF ME D PLATE HEAT EXCHANGER \”"':P"/
AGENT/REF. _Wb.
ST AlfaNova 76-30H =
32870 5020 2
SIGN. DATE REV _
- PED 20120702 |No. O

Source — Alfa Laval, s.r.o.
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Attachment No. 6

AlfaNovaPlate Heat Exchanger

Technical Specification

Mode . AlfaMova 76-50H (32870 5023 3)
Project : Michal DT Units 1
ltemMName o AlfaNova 76-50H 32870 5029 3 Date - 2712015
Hot Side Cold Side
5453 5251
Fluid Water Water
Density ko/m3 9374 9946
Specific heat capacity kJikg*K) 417 418
Thermal conductivity Wi k) 0.641 0617
Wiscosity inlet cP 0353 1.3
Wiscosity outlet cP 0903 0.503
Wolume flow rate m3/h 2.0 9.6
Inlet temperature 800 10.0
Outlet temperature G 246 5.0
Pressure drop kPa 119 167
Heat exchanged KW 500.0
LMT.D K193
OHTC clean conditions Wim2*K) 5402
OHTC service Wimz2=K)5402
Heat transfer area m2 480
Fouling resistance®10000 m2*KAW 0.000
Duty margin % 0.00
Relative direction of the fluids Countercurrent
Mumber of passes 1 1
IMaterialplatel brazing Alloy 316/ Cu
ConnectionS1 (Cold-out) Threaded (External)y/ 2" 150 228/M1-G (B23) Alloy
316
Connection32 (Cold-in) Threaded (External)’ 2" |30 228/M1-G (B23) Alloy
316
Connection33 (Hot-out) Threaded (External)’ 2" |30 228/M1-G (B23) Alloy
314G
Connection34 (Hot-in) Threaded (External)’ 2" |30 228/M1-G (B23) Alloy
316

Pressure vessel code

Design pressure at 75.000 Celsius
Design pressure at 22500 Celsius
Design temperature

Owerall lenath x width x height
Met weight, empty / operating
Package lengih x width x height
Package weight

FED
Bar 30.00
Bar 26.00
“C 0 -196.0/225.0

mm 201 x 191 x 618
kg 3387459

mm 355 x 210x 700
kg 2695

11

30.00
26.00



Plate packape length upper iolerance +~5.00 mm 5.
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HEATING SURFAGE me PLATE MATERIAL Alloy 316 TOTAL LENGTH 2015 =R
NETWEIGHT 34.07 kg FLATE THIGKNESS 0.4 mm TOTAL WIDTH 191.0 o3| =
OPERATING WEIGHT 46.32 kg PLATE GROUPING 1*24H/ 1"25H TOTAL HEIGHT B18.0 ===
=] B ]
SURPLIER - JRER e D PLATE HEAT EXCHANGER \”"':P"/
AGENTIREE. R
CUSTOMER NAME [ REF. NO AlfaNova 76-50H TTEM D
32870 5029 3
SIGN. DATE REV _
- PED 20120708 |No. O

Source — Alfa Laval, s.r.o.
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Attachment No. 7

SECESPOL - VYPOCTOVY LIST VYMENIKU TEPLA

Mabidka
Cislo wypotiu
Vypracoval'Datum

Typ vyméniku tepla
Katalogowveé Cislo
Celkovy potat vy meéniki
Poiat ks sériovéiparalaing

NAVRHOVE HODNOTY:

Vikon
LMTD
Min. rezerva

Médium

Vstupni teplota

Wy stupni tepicta
Hmotrostni pritok
Objemovy pritok vstup
Objemovy protok vistup
Max. tlakova zirala

Mavrhovy tlak
Mavrhova tepliota

VYBRANY VYMENIK TEPLA:

{Standardni vypocet)

Teplosménna plocha
Faktor znofigténi

k Eisty

k Znetistény
Rezerva

Vypoct. tlak. ztrata
Tlakaova zirata na hrdia
Rychiost na hrdie
Vnitimi rychlost
Reynoldsovo Eiglo
Koofic. prest. tep.

FYZIKALNI VLASTNOSTI:

Médium

Ref. taplota
Husiola

Tepainy obsah
Tepeind vodivost
Dyn. viskosita
Prandtiovo ¢islo

05.03.2015

JAD X 538 MF.STA.CS

0126-0113

1

in

Strana 1 - Trubky
250,0
19,5
0

Water

1300

65,0

0,92

353

338

20,0

25

130

Strana 1 - Trubky
40
00137
33268
31821
L

1.5

0.0

0,25

067

15418

G225.7

Strana 1 - Trubky
Watar

o7 s

850,78

4,19

0,676

0,0003

1,80

13

Strana 2 - Plast

Water
60,0
800
299
10,91
11.04
20,0

1.6

Strana 2 - Plast

127
03
079
0.95
6825
gro4.3

Strana 2 - Plast
Water

TO.0

979,82

4,19

0,653

0,0004

2.63

' d 4
Ny

SECESPOL

# 4 E

kg's
m¥h
m¥h
kPa

MPa

me
mERS kW
Wim
Wim3

kPa
kPa
m's

W/m3

kg/m?
kd/kgi
W/mK
Ns/m?



SECESPOL - TECHNIKY LIST VYMENIKU TEPLA

a8
Ny

Typ vyméniku tepla JAD X 5.38 MF.STA.CS SECESPOL
Katalogové Cislo 0126-0113
PRACOVNI PARAMETRY:
Strana trubek Strana plasté
Maximalni tlak 25 16 bar
Maximalni teplota 250 203 <
Minimalni teplota 1] 0 T
Skupina média 2 2

KONSTRUKCNI PARAMETRY:

Typ teplosménné plochy

Toplozménna plocha 40 m?
Objem trubkovnice 66 |
Objem plagté 112 |
Hmotnost 41,7 kg
SKUPINA MATERIALL: 551810

Hladka trubka 8.0 mm

STANDARDNI ZAPOJENI:
(protiproud)

K1 - vstup topnaho média

K2 - vystup ohfivaného média
K3 - vstup ohfivaného média
K4 - vystup topného média

ROZMERY:

201,0 mm
1510,0 mm
16490 mm
370 mm
140,0 mm
100,0 mm

TYPY PRIPOJENI:

Ell:lﬁm::-

B
@

K1 - Krkové piiruba CS DNES PN4D TYP 11B
K2 - Plochd pfiruba CS DMES PM16 TYP 018
K3 - Plocha pfiruba CS DMNGE5 PN16 TYP 018
K4 - Krkova piituba G5 DNB5 PN4D TYP 11B

Source — Secespol — CZ, s.r.o.
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Attachment No. 8

SECESPOL - VYPOCTOVY LIST VYMENIKU TEPLA

Mabidka
Cislo vipottu
Vypracoval'Datum

Typ vwméniku tepla
Katalogoveé Cislo
Calkovy potat vymeniki
Poést ks sériovéiparalainé

NAVRHOVE HODNOTY:

Vykon

LMTD

Min. rezerva

Médium

Vsiupni tepiota
Vysiupni taplota
Hmotnosini pritok
Ohjemovy pritok vetup
Objemovy protok vstup
Max. tlakova ztrata
Mavrhowy tlak
Mavrhova teplota

VYBRANY VYMENIK TEPLA:

{Standardni vypatat)

Toplosménna placha
Faktor znatisténi

k Eisty

k ZneciEtény
Hezerva

Vypott. tlak. ztrata
Tlakova ztrala na hrdle
Rychicst na hrdle
Vnitini rychlost
Reynoldsovo Eislo
Koofic. prest. tep.

FYZIKALNI VLASTNOSTI:

Médium

Ref. teplota
Hustota

Tepainy obsah
Tepaina vodivost
Dy, viskosila
Prandtiova ¢islo

05.03.2015

JAD X 9.88 MF.STA.CS
0128-0001

1
11

Strana 1 - Trubky
500,0
19,5
]

Walar
1300
B5,0
1.83
707
B.72
20,0

2.5
130

Strana 1 - Trubky
10,7
0,0304
25786
23911

54

0.0
21
0,58
13242
4755,7

Strana 1 - Trubky
Water

875

260,78

419

0,676

00003

1.80

15

Strana 2 - Plast

Waiter
60.0
80,0
5,97
21.82
22,08
20,0

1.6

Sirana 2 - Plast’

6.8

0.2
0.66
0,76
5437
71430

Strana 2 - Plast
Water

70.0

979,82

4,19

0,653

0,0004

263

'y,
Ny

SECESPOL

# 8 ZE

ks
m¥h
m¥h
kPa

MPa

me
mEE Y
Wim¥
WimH

kPa
kPa
m's

W/ma

kg/m?

k' kgh
W/mK
Ns/m?



SECESPOL - TECHNIKY LIST VYMENIKU TEPLA

a8
Ny

SECESPOL

Typ vyméniku tepla JAD X 9.88 MF.STA.CS
Katalogové Cislo 0128-0001
PRACOVNI PARAMETRY:

Strana trubek Strana plaste
Maxcimalni tlak 25 16 bar
Maximalni teplota 250 203 €T
Minimalni toplota L1] 0 T
Skupina méadia 2 2
KONSTRUKCNI PARAMETRY:

o

Typ toplosménné plochy Hladka frubka 2.0 mm A E
Teplosménna plocha 10,7 m2
Objem frubkovnice 16,0 |
Dbjem plagté 280 | K1
Hmotnost 980 kg
SKUPINA MATERIALD: 551810
STANDARDNI ZAPOJENI:
(protiproud)

K1 - vsiup topného méadia =
K2 - wystup ohiivaného média
K3 - vstup ohfivaného média
K4 - wystup topného média

ROZMERY: N g

137,0 mm -
14810 mm éllz
16450 mm
4120 mm
2190 mm
126,0 mm

TYPY PRIPOJENI:

I'I'IEIDI.‘.'!UJI‘-"-

K1 - Krkova piiruba S DN100 PN40 TYP 11B
K2 - Plocha pfiruba CS DM100 PN1E TYP D1B
K3 - Plocha pfiruba CS DMN100 PN16 TYP 01B
K4 - Krkové piiruba CS DM100 PN4D TYP 11B

Source — Secespol — CZ, s.r.o.
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Attachment No. 9

SECESPOL - VYPOCTOVY LIST VYMENIKU TEPLA

Mabidka
Cislo vipofiu
Vypracoval/Datum

Typ vwméniku tepla
Katalogove Cislo

Celkovy potel vyménikd
Pofet ks sériové/paralainé

NAVRHOVE HODNOTY:

Viykon

LMTD

Min. rezemva

Meadium

Vatupni teptota
Vystupni teplota
Hmotnostni pritok
Cbjemovy protok vstup
Ohbjemaovy pritok vistup
Max. tlakova zirdta

Navrhowy tlak
Nawrhova teplota

VYBRANY VYMENIK TEPLA:

{Standardni vypatat)

Teplosménna plocha
Fakior znatisténi

k Eistj

k zriecisteny
Rezarva

Vypoét. flak. zirdta
Tlakova ztrala na hrdle
Rychiost na hrdie
Wnitmni rychiost
Reynoldsovo gislo
Koafic. prast. tap.

FYZIKALNI VLASTNOSTI:

Medium
Ref. teplota
Husiota

Tepelny obsah
Tepelna vodivost

Dyn. viskosita
Prandtiovo Cislo

05.03.2015

JAD X 12114 ME.STA.CS

0130-00:01

1
11

Strana 1 - Trubky
2500
19.9
o

Water
20,0
255
1,10
4,05
3,85
20,0

25

Strana 1 - Trubky
18.4
0,0069
6860
6037

20
0,0
0,08
0.26
33n
15421

Strana 1 - Trubky
Water

528

589,23

419

0,835

0,0005

340

17

Strana 2- Plast

Water
10,0
55,0
1,33
478
483
20,0

1.6

Sirana 2 - Plast

0.3

0,0
0,09
0,11
425
1289.2

Strana 2 - Plast’
Water

325

996,66

4,19

0,610

10,0008

5.20

' d 4
ra e

SECESPOL

# A8

8 4

g
m¥h
mah
kPa

MPa

kg/m?
k' kg
W mk
Ma/m?



SECESPOL - TECHNIKY LIST VYMENIKU TEPLA

' d
Ny

Typ vyméniku tepla JAD X 12.114 MF.STA.CS SECESPOL
Katalogové Cislo 0130-0001
PRACOVNI PARAMETRY:
Strana trubek Strana plasté
Maximalni tlak 25 16 bar
Maximalni teplota 250 203 <
Minimalni teplota 0 0 €<
Skupina média 2 2

KONSTRUKCNI PARAMETRY:

Typ teplosménné plochy

Teplosménna plocha 184 m
Objem frubkovnice 201 |
Objem plagts E42 |
Hmotnost 156,0 kg
SKUPIMA MATERIALL: 551810

Hladka trubka 8.0 mm

STANDARDNI ZAPOJENI:
(protiproud)

K1 - vstup topnaho média

K2 - vystup ohfivaného média
K3 - vstup ohfivaného média
K4 - vystup topného madia

ROZMERY:

3440 mm
1681,0 mm
18830 mm
4840 mm
2730 mm
110,0 mm

TYPY PRIPOJENI:

E‘DGUJI:

B
=

K1 - Krkova piituba CS DN125 PN40 TYP 118
K2 - Plocha pfiruba CS5 DN125 PN16 TYP O1B
K3 - Plocha piiruba CS DN125 PN1E TYP 01B
K4 - Krkova pfiruba CS DN125 PN40 TYP 118

Source — Secespol — CZ, s.r.o.

18



Attachment No. 10

SECESPOL - VYPOCTOVY LIST VYMENIKU TEPLA

Nabidka
Cislo vipoéiu
Vypracoval'Datum

Typ vwméniku tepla
Katalogove Cislo

Celkowy potet vimeniki
Poiat ks sériovéiparalaing

NAVRHOVE HODNOTY:

Vykon
LMTD
Min. rezerva

Meadium

Vatupni teplota
Vystupni teplota
Hmotnostni pritok
Chjemovy protok vsiup
Ohjsmovy pritok vistup
Max. tlakova zirata

Navrhowy tlak
Navrhova teplota

VYBRANY VYMENIK TEPLA:

{Standardni vypotat)

Tepiosméeénna plocha
Faktor znedistén|

k Gistj

k zrioCiEteny
Hezarva

Vypoct. flak. ztrata
Tlakova zirata na hirdie
Rychicst na hrdie
Vnitfni rychlost
Raynoldsovo gislo
Koefic; prest. tap.

FYZIKALNI VLASTNOSTI:

Madium

Ref. teplota
Hustola

Tepelny ocbsah
Tapelna vodivost
Dyn. viskosita
Prandtiovo &islo

5.03.2015

JADX 12114 MF.STA.CS
0130-0001

1
1M

Strana 1 - Trubky

S00;0
224
i)

Watar

80,0

0.0

239

.84

8,63

20,0

25

a0

Strana 1 - Trubky
18,4
0,0002
12131
12127
0

g8

0.0

07

0,57

7576

30540

Strana 1 - Trubky
Watar

55,0

588,14

418

0,638

0,0005

335

19

Strana 2 - Plast

Water
10,0
55,0
285
956
9.66
20,0

1.6

Strana 2 - Plast

1.2

0.0
0,19
0,22
B49
2176.8

Strana 2 - Plast
Water

325

996,66

419

0.610

0.0008

5,20

a8
Ny

SECESPOL

# 4

kg's
m'h
m¥'h
kPa
MPa

mé
merIRY
W/m3
W/ m3

kPa
kPa
m's
m's

W/m3

ka/m?
kJikgk
W/mK
Ns/me



SECESPOL - TECHNIKY LIST VYMENIKU TEPLA

a8
Ny

SECESPOL

Typ vyméniku tepla JAD X 12.114 MF.STA.CS
Katalogove Cislo 0130-0001

PRACOVNI PARAMETRY:

Strana trubek Strana plasté
hMaximalni tlak 25 16 bar
Madimalni teplota 250 203 <
Minimalni teplota 0 0 T
Skupina méadia 2 2

KONSTRUKCNI PARAMETRY:

Typ teplosménné plochy Hladka frubka 8.0 mm
Teplozménna plocha 184 m?

Objem frubkovnice 201 1

Cbjem plasté 542 |

Hmoinost 186,0 kg
SKUPINA MATERLALD: 8551810

STANDARDNI ZAPOJENI:
(protiproud)

K1 - wstup topného média

K2 - vystup ohiivaného média
K3 - wstup ohfivaného média
K4 - vystup topného média

ROZMERY':

A 3440 mm
E 1681,0 mm
c 1883,0 mm
D 4840 mm
Dz 273,0 mm
alfa 110,0 mm

TYPY PRIPOJENI:

K1 - Krkové piiruba G5 DM125 PN4D TYP 11B
K2 - Plocha pfiruba CS DMN125 PN16 TYP 01B
K3 - Plocha priruba CS DMN125 PN1E TYP D1B
K4 - Krkova piiruba S DN125 PN4D TYP 11B

Source — Secespol — CZ, s.r.o.
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Attachment No. 11

Source — Michal Jaréa
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