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. SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

F-CH vlastnosti

Tepelna kapacita
Tepelnd vodivost /
tepelna difuzivita/
Viskozita

Kordzne vlastnosti
Fazovy diagram a z
neho odvodené
vlastnosti / napr.
teplota varu pri
atmosférickom
tlaku/

Chemicka stabilita
pri pracovnej
teplote.

Teplonosné médium

Thermal insulation

- Hydrogen
Methane (3500 K)
i Mercury Silver
Walar-wdpor ; Iron Superconductors
H 5 | | A, WimK
1 ;i',!‘ 1 1 I E 1 1 I I 1 I ’!“f h‘ e
0 103 102 10—15 u \\10 ‘102) 103 107 108 ’/
Vacuum Air : Liquid Solid Diamond Perfect conductor
'+ water  water
atm,
Medium Trade Name Phase °F gage Remarks
Electricity — 100-4500 — .
Watar — vapor 200-1100 0-300 -
Water - liquid 300-400 &-15 —
Flue gas —_ gas 100-2000 0-7 —
Diphenyl-diphenyl oxide eutectic Dowtherm A liquid or 450~750 0-8 nontoxic, carbanizes at high temp
vapor
Di + triaryl cpds Dowtherm G liquid 20-700 0-3 sensitive to oxygen
Ethylene glycol, inhibited Dow SR-1 liquid —40--250 0 acceptable in food industry
Dimethyl silicones Dow Syltherm liquid -40-750 1] low toxicity
B0O
Mixed silanes Hydrotherm liquid —50-675 0 react with oxygen and moisture
Aromatic mineral oil Mobiltherm, liquid 100—600 0 not used with copper based materials
Mobil
Chlorinated biphenyls Tharminol liquid 50-600 0 toxic decomposition products
Monsanto
Malten nitrites and nitrates of K and Na Hi-Tec, DuPont liquid 300-1100 O resistant alloys needed above 850°F
Sodium-potassium eutectic liquid 100-1400 0 stainless steel needed above 1000°F
Marcury vapor 600-1000 0-12  low pressure vapor, loxic, and expensive
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Para vs. voda vs. teplonosny olej

Porovnanie

Aké iné médium
mozeme pouzit ?

Para
Voda
Teplonosny olej

Steam Hot water High temperature oils
High heat content Moderate heat content Poor heat content
Latent heat approximately Specific heat Specific heat often
2 100 kdJ /kg 4,19 kJ/kg°C 1.69-2.93 kJ/kg°C
Inexpensive Inexpensive .
Some water treatment costs Only occasional dosing Expensive
Good he?t.transfer Moderate coefficients Helati\rlely poor
coefficients coefficients

High pressure required
for high temperatures

High pressure needed
for high temperatures

Low pressures only
to get high temperatures

No circulating pumps required
Small pipes

Circulating pumps required
Large pipes

Circulating pumps required
Even larger pipes

Easy to control with
two way valves

More complex to control -
three way valves or
differential pressure valves
may be required

More complex to control -
three way valves or
differential pressure valves
may be required.

Temperature breakdown is
easy through a reducing valve

Temperature breakdown
more difficult

Temperature breakdown
more difficult




. SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Para vs. voda vs. teplonosny olej

Porovnanie

Aké iné médium
mozeme pouzit ?

Para
Voda
Teplonosny olej

Steam traps required

No steam traps required

No steam traps required

Condensate to be handled

No condensate handling

No condensate handling

Flash steam available

No flash steam

No flash steam

Boiler blowdown necessary

No blowdown necessary

No blowdown necessary

Water treatment required
to prevent corrosion

Less corrosion

Negligible corrosion

Reasonable pipework

Searching medium,

Very searching medium,

required welded or flanged joints usual welded or flanged joints usual
No fire risk No fire risk Fire risk
System very flexible System less flexible System inflexible
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Vlastnosti vody

Para ako teplonosné médium.

- Voda pari medzi najpreskimanejsie p——ye
JoR T Vapor and Supercritical Liquid
médium. — Sondbiont
LLiquid

- Pozname velmi dobre jej vlastnosti
/ obrovské mnozstvo experimentalnych dat./

Superheated steam

| |
! Hot ol !

Saturated steam

——

Hot wa[er High-temperature

hot water
l 0 100 200 300 400 500 600 700 800

]
0°F 200°F 400°F 600°F 800°F 1000°F  1200°F Temperature [°C]
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Vlastnosti vody

Voda

Fazovy diagram

0K 50K 100K 150K 200K K Kn?;pKer:tque K K K 600K 650K
LS QK 100K 150K 200K 250K 300K 350K 400K 450K SOOK 550K 600 K
100 GPa 1 Mbar
10 GPa“ 100 kbar
g 1GPa 10 kbar
2 ': ;
E .: : supercritical fluid B Critical int 1102
solid phase | i s ol i d 647 K, 22.064 MPa
e)
ll liquid : 10 MPa] 100 bar
' phase SIS SR E
' mu_cal 3
! point o 1MPar 10 bar
1
wriple E E
oint ! 100 kPa - - T ba
g Freezing point at 1 atm Boiling point at 1 atm o
gaseons plse 273.15 K, 101.325 kPa 373.15 K, 101.325 kPa
10kPa F100 mbar
- - 1kPa- 1/ 10 mbar
EWEr re s
olid/Li uid!\la our triple point
273.16 K, gll.ﬁ 7 Pap pie p
100 Pa 1 mbar
Vapour
100 pbar

\ * r r T T T r T r 10 pbar
-250°C 200°C 150°C -100°C -50°C 0°C 50°C 100°C 150°C 200°C 250°C 300°C 350°C 400°C 450°C
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Vlastnosti vody

Voda
Critical point ,
e p ''''''''''''''''''''''''''''''''''''''' LIHES Df
"""" -~ constant
ol pressure
s
= [\Wet steam)
(1} .
o Two phase region
E
D

X

--------------------
!!!!!!!!!!!!!!!!!!!

---------------------
=

A
L_hl'_’"': hl'| =5
Enthalpy
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Vlastnosti vody
Syta para.

Syta para/nasytena para/
suchad para, sucha para.

Je para v takom TD stave, zZe
lubovolne malé mnozstvo
odobraného tepla ma za
nasledok kondenzaciu Casti

400
300+

200+

Temperature °C

//'S_team saturation curve

|
9

| | | |
: : o 1 2 3 4 5 6 7 8 10 11 12 13 14
tejto pary na kvapalinu. Pressure bar g
Saturation Enthalpy kJ /kg Volume of dry
Pressure temperature Water Evaporation Steam saturated steam
barg °C hy hig hg m?/kg
0 100 419 2257 2676 1.673
1 120 506 2201 2707 0.881
2 134 562 2163 2725 0.603
3 144 605 2133 2738 0.461
4 152 641 2108 2749 0.374
5 159 671 2086 2757 0.315
6 165 697 2 066 2763 0.272
7 170 121 2048 2769 0.240
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Vlastnosti vody

Flash steam
/rovnovazna para/. Steam trap
Condensate at Condensate and
. b bar g flash steam at 0 bar g
Pri prudkom poklese —_— .
tlaku dojde Saturation temperature Saturation temperature
. T, of 159°C T, is 100°C
kondenzatu :
/kvapalina/ d6jde k
odpareniu ¢asti pary S bar g 0 bar g
Vysledkom je paro- 1 kg condensate 0.112 kg flash steam
kvapalna zmes. 1 0.888 kg condensate
Enthalpy 671 kJ

Predovsetkym
kondenzacéné

. >
potrubia. VLV-101

v . 3 4

Oznacujeme ho ako

)
zbytkova para.

1000 [ g 1,000 | g
Vap Frac on a Mass Basis | 0,0000 - Vap Frac on a Mass Basis | 0,1120 -
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Vlastnosti vody

Podchladeny
kondenzat.

Steam trap

Pri podchladenom Condensate at

kondenzate k tvorbe 5 bar g Condensate at 0 bar g
1y . e—- ——
rovnA(?vazneJ pary Sub-cooled Saturation temperature
nedodjde. temperature T, is 100°C
T, of 90°C 2

/ Teplota kondenzatu
by musela byt

minimalne na urovni g

rozvaznej teploty po VLV-102

redukcii tlaku 5 5

Napr. pri abs. Tlaku
100 kPa, teda 100 °C. [ RN NC IR

Mass Flow _ | 1000 | kg Mass Flow 1,000 | kg/h
Vap Frac on a Mass Basis | 0,0000 | | Vap Frac on a Mass Basis | 00000 | |
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Vlastnosti vody

Prehriata para.
/Superheated
steam/

Pressure

Uprava sytej pary reducing valve

na prehriatu
redukciou tlaku.

136°C

Aka je rovnovazna
teplota pary pri
absolutnom tlaku

1 bar? >

VLV-100

Temperature

Pressure

Mass Flow kg/h
| 09800 | |
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Vlastnosti vody

Prehriata para.

Superheated
steam IN

Pri prehriatej pary

50 W/m?°C

je potrebné si catrated
uvedomit se para 1200 W/m2°C Steam coil surrounded in water
sa musi na teplo- # Superheated steam QUT
vymennej ploche Steam coil surrounded in water
. ey v Steam trap
najprv schladit az
potom }
. Condensate OUT
skondenzuje.
W Loy . Superheat temperature Saturation Saturated steam
yrazne znizenie lost in first part of coil temperature condensing in latter
uhrnného 50 W/m?°C reached part of the coil
suginitela /
prestupu tepla. Superheated steam IN —
Steam coil surrounded in water 1200 W/m?°C

Steam trap

Condensate OUT Jr

Overall ‘U value typically 90% of the saturated value
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Vlastnosti vody

Chladenie pary
/Desuperheated
steam/

Priame chladenie
vodou,

/zastrek vodou/
Superheated

steam

Pripadne Uprava —_—

teploty pary na
nizsiu.

2
Pressure
Mass Flow
Vap Frac on a Mass Basis -

8
Vap Frac on a Mass Basis -

(3

MIX-100

P Steam flow
|
1
Throttle |
valve :
( Water
source
Control
valve
Water
injection
]
Saturated
steam
—}_
Steam line

Pressure

Mass Flow
Vap Frac on a Mass Basis -

Drip
leg
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Vyroba a vyuzitie pary

Vyroba pary.

Ako palivo
vyuzivame:

Zemny plyn
Ropu
Biomasu
Uhlie

Uran

Ale aj priamo
Ele.prud

High-pressure steam

Steam

Gas —~IID—{ (P =

Turbine HRSG

Gas/oil E‘—

Fuel-fired boiler

Biomass/coal @ L:

Boiler

I
. mgs
turbine
Trans-
Vacuum Generator [ —p o

L

Condenser

—

Wi M

C
Polisher
Extraction steam

O Uranium <

Nuclear
reactor

2

Cooling towers
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Vyroba a vyuzitie pary

Parny obeh
/cyklus/.

Mechanizmy
transportu tepla

Konvekcia
Kondukcia
Salanie

Radiation
heat loss

T Boiler

e

Steam —|

e,

Radiation
heat loss

o

Kettle

Radiation
loss

Radiation
loss
Condensate

Water

Conduction

through metal Steam

Oany

Radiation heat
from flame

-,
“pw , Convection
.-;.':" :‘_:"-:l_ pl'OdUCt
f-: Convection”
Vessel via |
wall condensation _
) Conduction
Convection through metal
heat transfer

wall
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Vyroba a vyuzitie pary

Parny obeh
/cyklus/.

Vyroba

l

Distribucia

l

Spotreba

l

Opatovné vyuzitie

Steam f

—» Steam

I

Vat

Condensate 4

«— Condensate




»| Heat
exch.

Parny obeh
/cyklus/.

Steam PRV.
separator Station

5. podsystémov

( Accumulator

Surge pump

@ Fuel delivery and combustion system

]
1
i
T-air !
@ Steam delivery — vent X !
(| Steam header !
@ Condensate collection and feed water ;
: Makeup
"""""""" 4 water
@ Steam generator @ |
o= Flue gas f===="
@ Chemical/water treatment '

Anti
scalant

O, scavenger

fPeseseossssesaegeoa oo sod boo oo ss s s s s s e e d

vessel

1
1
Blowoff[ |
[
]
[
[

Chemical feed
systems

|
I
I
|
|
!
1
1
1
1
1
1
1
4
i
i
|
4
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Zabezpecenie kvality pary

Automatic
air vent

Co je potrebné

dodrzat.

Air vented to

Strainer Steam heated safe location
cooking vessel

Potrebny tlak a
teplota

Potrebné mnozstvo

Air and incondensable gases vented
Bez pritomnosti
nekondenzovatelnych
plynov a par

Strainer

Condensate

Cista / bez ¢astic a
znecistenia/

Wet steam in
Sucha /bez kvapiek
vody/

Moisture to trap set
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Navrhovanie zariadenia / spotrebica pary/

Je sumarom
vedomosti z
viacerych

predmetov:

- PROCESNY
NAVRH

- KONSTRUKCNY
NAVRH

]

Steam main

strainer

Symbol for §
Pressure Temperature | 1
regulating  control
;( valve valve g
Steam i
trap Ve
Condensate

. Thermostatic

air vent

Product
to be «

heated

~J

T Heat transfer
from steam to
product

Steam

trap

To condensate
return
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Navrhovanie regulacie pary

Air signal
Navrhuje Specialista /automatizar/. 2-port valve and solenoid g9}
, . &
Spada do oblasti MaR. Steam £ 1)

Thermostat (set to =—
- KONTINUALNY |
A2

ON/OFF
- Lacné |
- Jednoduché O
- NV 14 - [: d m
- Min./Max. teploty mdze byt mimo onieneate
pozadovanej oblasti riadenia. A o | off
Upper switching Overshoot c 1
H o) A
Valve _‘ Off Switch Off Switch point 61°C T B
closed | : on : : on Tank water temperature — g =
: | [ I e a
| : : : Set point 60°C—+ £~ |- ——- -4 - - - - -} E 3k -4----- =
: | [ I 3% =
| Switch ! ! Switch ' S =
Valve | off ' b off ! ~= =
_ — | —— o o ®’
open [ On On On Lower switching A v— D =
- point 53°C E
T T T = —
e On On
Time T T T
Time
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Navrhovanie regulacie pary

Navrhuje Specialista /automatizar/.
Spada do oblasti MaR.

Control valve in half open position

KONTINUALNY

Je potrebné aby bol ventil schopny Water in =) §
kontinualneho posunu, tak aby zabezpecil _
vacSia alebo mensie otvorenie.

Fulcrum

N

CONTROL VALVE /regulaény ventil/ B4

Pozname: -

Proporcionélne /P/ i Valve = Water out
Integralne /1/ - | v

Derivacné /D/ + kombinacie.

N Fully closed position
Fully open position

Water in ) §

Water ingy §

A

DeviatiunI g

Offset I:

= Water out
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Navrhovanie regulacie pary

Navrhuje Specialista

- 28
Jautomatizar/.
Spadd dooblastiMaR. ¢ ® (Y I. B ___.
Proportional Band
Narrower P-band Wider P-band
100 100
90- i 90
< — Eﬂvilfls_mgn_ -1 80 Revised
— = oporating
| S 704 condition
= 8 MWie [ __2 .
= B0 22 60+ Initial o
= Valve position 5 50de_ operating condition; ™
:4:: L g 10 —{ Gain line
g 401 8 10
3 2 304 Il"—"l
T:; 30 g | 2°C fall |
= 20 I"inroom |
20 2°C fall temperature
10 in room 109 'L ¢
0 temperature 0 T T T T T T T
0 12 | 1 6 ' 18 ' 20 | 2 ' 24 ' 2 oz 16 0 2z %
Set Actual
temperature temperature
- > Set
6°C Proportional band temperature
Temperature inside the building (°C) N ”

12°C Proportional band
Temperature inside the building (°C)
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Navrhovanie regulacie pary

Navrhuje Specialista /automatizar/.
Spada do oblasti MaR.

100%
: e
st opening 9
&
g
Qﬁ@
5=
= 50%
= %’é“i‘ W
N
=%
3! X
%\}ﬁ%& Q".;S“Qj
\Q
¥
0%
0% 50%

Valve opening

100%

} Actuator force

Bonnet

Body

Valve plug

d flow - Pressure Py * » Pressure P2

L Differential pressure (AP) 4]

Low pressure rnm

) ‘

Zl.lw pressure region

Diverging area
Throat
> / Converging area
High
pressure
region

|

Flow




SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Navrhovanie regulacie pary

Je zaobera sa tym Specialista

Separator Temperature
Jautomatizar/. Spada do oblasti o £ control valve
MaR. 2 =
) Flow
Navrh meraci miesta High limit High limit
protection g temperature
sensor
Navrh najvhodnejsich typov Highlimit ~ [Fail-
1 ¢ cut-out unit  |safe
snimacov. actuator
{unit
, v s MNormal
Navrh regula¢nych odvodou iy e
Condensate sensor
Standardne: T,P, LaF. 0
Return
Cold water
make-up
£
Condensate
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Parovod

Dodrzat nasledovné zasady
projektovania parovodu

PROCESNE PARAMETRE

DN 100

DN EQ

)

RYCHLOST 2000 kg/h
12bar ,
Rychlost sytej pary v potrubisa => 7 "oNao l'h>< l g,.u 150
pohybuje 20 -25 m/s (
Pre prehriatu paru su mozné aj Q

vyssie rychlosti do 45 m/s
TLAK

Pri dlhsSich / nad 50 m/ potrubiach
je lepsie pracovat s vyssim tlakom /
cca 10 -15 bar/

Preco:?

Potom tlak zredukovat ...

DN 50

1000 kalh
2 bar

700 kg/h
2 bar

300 kalh
2 bar
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Table 10.2.4 Saturated steam pipeline capacities in kg/h for different velocities (Schedule 40 pipe)

Pa rOVOd Pipe size (nominal)

| 15 | 20 | 25 | 32 | 40 | 50 | 65 | 80 | 100 | 125 | 150
, P’::::” "’;‘;‘“ Actual inside pipe diametor Schedule 40
v 4 V4

Dodr#at nasledovné zasady 15.80 | 20.93 | 26.64 | 35.04 | :iup;::nLiiﬁelit:i:;uh' 77.92 [102.26 | 128.20(154.05
projektovania pa rovodu 15 9 15 25 4 58 95 | 136 | 210 ] 3e2 560 | 822
04 25 14 25 41 i 97 | 150 | 227 | 380 | 603 | 946 | 1369

40 23 40 66 13 | 154 | 254 | 383 | 561 | 985 | 1517 | 2191

. 15 10 18 9 51 69 | 114 | 163 | 251 | 433 | 681 | 983

Ka pacita 0.7 25 17 30 49 85 | 15| 190 | 211 | 419 | 722 | 1135 | 1638
40 28 48 78 136 | 185 | 304 | 438 | 671 | 1155 | 1815 | 2621

15 12 21 34 59 81 | 133 | 189 | 292 | 503 791 | 114z

A : 1 25 20 35 57 99 | 134 | 221 | 315 | 487 | 38 | 1319 | 100
Vypocet tla kOVGj straty, pomocou 40 32 56 91 158 | 215 | 354 | 505 | 779 | 1342 | 2110 | 3046
Darcy_Welsbach rovnlcou 15 18 31 50 86 118 194 271 427 735 | 1156 | 1669
2 25 2 51 83 wh | 196 | 323 | as1 | 72 |1z | 1em | 2me

40 47 82 | 13 220 | a3 | si7 | 737 | ri3e [ reer [ zos3 | aem

15 PE 40 65 113 | 154 | 254 | 362 | 559 | 962 | 1512 | 2183

3 25 38 57 | 100 188 | 25 | 423 | 603 | 931 | 1603 | 2520 | 3630

40 61 | 107 | 1m 301 | 410 | 676 | 984 | 1490 | 2565 | 4032 | 5622

15 28 50 80 139 | 190 | 313 | 446 | 689 | 1186 | 1864 | 2691

4 25 47 83 | 134 232 | 316 | 521 | 743 | 1148 | 1976 | 3106 | 4485

o Moody Diagram 40 75 | 132 | 218 371 | 506 | 833 | 1189 | 1836 | 3162 | 4970 | 717
0.09 15 34 59 9 165 | 225 | 371 | 529 | 817 | 1408 | 2213 | 3195
oor {o.05 5 25 55 9 | 159 776 | 375 | 619 | 882 | 1362 | 2347 | 3688 | 535
0.06 003 40 90 | 157 | 255 441 | 601 | 990 | 1411 | 2180 | 3755 | 5801 | %1
005! o 15 39 68 | 111 191 | 261 | 430 | 613 | 947 | 1631 | 2563 | 3700

i 004 o & 6 25 65 | 114 | 184 319 | 35 | 716 | 1o0zz | 1578 [ 27 | #4271 | 6167
£ oo z 40 104 | 182 | 295 511 | 695 | 1146 | 1635 | 2525 | 4348 | 6834 | 9887
p = 15 44 17 | 125 217 | 296 | 487 | 695 | 1073 | 1848 | 2904 | 4194
= z 7 25 14 | 129 | 209 362 | 493 | s12 | 1158 | 1788 | 3080 | 4841 | 6989
£ “om) 2 40 18 | 208 | 334 579 | 788 | 1299 | 1853 | 2861 | 4928 | 7745 11183
E 15 49 86| 140 242 | 330 | a4 | 775 | 1198 | 2083 | 3242 | 466l

3107 % 8 25 82 | 144 | 233 404 | 550 | 908 | 1292 | 1996 | 3438 | 5403 | 7802

i 4 oo 40 131 | 230 | 37 646 | 880 | 1450 | 2088 | 3194 | 5501 | 6645 | 12 484

Vot e ™ |16} Friction Factor — 84 AP. ] B0 15 60 [ 105 | 170 294 | 401 | 660 | 942 | 1455 | 2506 | 3938 | 5886

e oy e o 0 10 25 100 | 175 | 283 490 | 866 | 1101 | 1570 | 2425 | 4176 | 6563 | 9477
Reynolds Number, Re = £ 40 160 | 280 453 785 | 1069 | 1761 | 2512 | 3880 | 6682 | 10502 | 15 164

15 80 | 141 | 228 394 | 537 | 886 | 1263 | 1951 | 3360 | 5281 | 7625

14 25 134 | 235 | 380 667 | 895 | 1476 | 2105 | 3251 | 5600 | 8801 [ 12708

40 214 | 375 | 608 | 1052 | 1433 | 2362 | 3368 | 5202 | s960 | 14082 | 20333
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Pa rOVOd 30 - 50 metre intervals

Dodrzat nasledovné zasady
projektovania parovodu

Condensate

v Condensate

. , v Condensate
- Potrubie zo spadom 1:100 az “
1:200 v smere prudenia pary.

- Kompenzacia tepelnej
roztaznosti in pipe

Increase

- Kotvenie potrubia. VyzZaduje
pevnostny vypocet. Steam
- Odvodenie potrubia velocity —» =

1:100 Fall —

- Odvzdusnenie potrubia 0 m/s
- Odvodnenie nizko ulozenych
miest
- Odvodnenie a odvzdusnenie 1:100@
koncovych bodov potrubia. . ©) —
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Parovod

Dodrzat nasledovné zasady
projektovania parovodu Swarn’

- Napojenie parnej odbocky
/NIKDY NIE ZOSPODU/ Branch line

- Odvzdusnenie v najvyssSom

bode. $

Steam

Steam out via branch line

w Air vent

Steam flow —= A

Condensate —— =f B0 v =g = Drain pocket
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Parovod

Dodrzat nasledovné zasady
projektovania parovodu

- Water Hammer.
- Co ho sposobuje v parnom
potrubi a ¢o suU najCastejSie

priciny.

- Chyby pri ndvrhu parovodu.

Steam |:>

Condensate Strainer with

hanging basket

- SO

Condensate

=

Steam |:>

Slug

Riser

Steam |:>

Concentric
reducer

Condensate

Condensate

100 mesh
screen
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Parovod

Dodrzat nasledovné zasady
projektovania parovodu

- Excentrické redukcie je nutné
pouZzit aj pri napojeny napr.
prietokomeru vzhfadom

Tvorba kondenzatu.
Vys$sia nepresnost merania.

Steam |:>

Concentric
reducer Condensate

Concentric reducer

Flow-bg

Steam flowmeter

X)

]

Low point allowing collection of condensate

Eccentric reducer

FIow—)%

Steam flowmeter

[

X

Howmeter run
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Parovod

Dodrzat nasledovné zasady
projektovania parovodu

Doporucenia pre korektny navrh
odvodnenia potrubia.

ul
fH_ B3 - Condensate

Steam trap set

Mains diameter - D Pocket diameter - d, Pocket depth - d»
Up to 100 mm nb di=D Minimum dz = 100 mm
125 - 200 mm nb dy = 100 mm Minimum d, = 150 mm
250 mm and above d, > D/2 Minimum d, = D

Sleam|:> E) :n Steam main (% |:>

dz =d|= E
[ ] Ln

in-built sensor

Condensate retum <z §
Fig. 10.3.4
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Parovod

Dodrzat nasledovné zasady
projektovania parovodu

Odbocka / odber pary z hlavného
parovodu /

Vidy je napojena zhoda a musi byt
vybavena uzatvaracou armaturou

Drop leg.

Steam —» § | § — o

Isolation Control

Strainer

|solation valve

Unit
heater

(a) Incorrect

|solation valve

o

Condensate -— §

3 -=—Condensate

<
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Guide to CE marking pressure equipment according to PED 2014/65/EL

Pa rOVOd Step 1: Select pressure equipment Step 3 : Design data

Type Group ) —_—
© Vesse © Dangerous: 1 @ Design pressurePS 6 ar(g)
v s s @ Piping @ Other 2 © Design pressure PS 0 Bar(g)
Dodrzat nasledovné zasady B stod prossune eauipment P
projektovania parovodu et o S -
@) Pressure accessories @ Gas PS*DN
@) Assemblies @ Liquid @—
Design temperature TS = 350 °C
4 . .
- Spravne kotvenie potrubia . oMo Oves
10000 :{m__ 3 TabIg? .
oNi] [oN Piping refemed 1o in Article 4(1)(ci),
e second indent l Step 4 : Define Category and Module l
s V'V v . 4 1000 . L P "
- Zvad3a sa vyzaduje pevnostny S Exepterty o iy i 1
100 [FSxDN=3800] ¢ jjing within category Il on the basis of Category:

ON=5000] Table 7 must be classified in category Il

Art. 4, par. 3

vypocet i ked podla PED spada as 2 =

10
sV [FEXDN=1| \ m The following module(s) are at least
dO SEP, pre nIZSIe tlaky. . \ available forthe above mentioned category:
0s — = Sound Engineering Practice

0 —_—
32 250 DN
041 1 10 100 qgpg 10000

- Vys&ie tlaky NUTNY | _

==

Dry
steam

Wet
steam T :g:

I -2 (Condensate
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Pa rOVOd Temperature difference “C
220 50 100 200 300 400 500
Dodrzat nasledovné zasad Z S S A A S
projektovania parovodu ! - Example P i 79;;;2227
100410.4.2 A AAAAY
= e & & 1 = el
f}" jr.-’ - J..-’f..-’f .-"f &
Tepelna roztaznost potrubia. = O B A aa V. 07 V. &
P P E 7 DAV 4
E— 40 /:‘f /ff"’f ,.a'f J/’r./fﬁff
-g_ 30 e _..f/ f"/"f"/,.r%/ .-f"//
|-
g 20 f/ _,f/ ./f;”,'_sz/
N 4
0 VISP
= = & 1 A A
F P = 17 VA
o A A A
A VAPV O
2 A7 ASA
10 20 30 40 50 100 200 300 500 1000 2000
Expansion of pipe (mm)

Table 10.4.1 Expansion coefficients (o) (mm/m °C x 10-3)

) Temperature range (°C)
Material <0 [0-100 | 0-200 | 0-300 | 0-400 | 0-500 | 0-600 | 0-700

Carbon steel 0.1% -02% C 12.8 13.9 14.9 15.8 16.6 17.3 17.9 -

Alloy steel 1% Cr 0.5% Mo 13.7 14.5 15.2 15.8 16.4 17.0 17.6 -

Stainless steel 18% Cr 8% Ni 9.4 20.0 20.9 212 21.8 22.3 22.7 23.0
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Parovod

Dodrzat nasledovné zasady
projektovania parovodu Steam — — Steam
Prepajam 2 potrubia ktoré pracuju
pri inej teplote.

Tvarova kompenzacia
Flexibilny prvok

<—(ondensate

Condensate -—

Anchor Sliding suppart Expansion fitting Sliding support Anchaor
point A point B point C point B point A
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Parovod

Dodrzat nasledovné zasady
projektovania parovodu

Flexibilny prvok

Kompenzatory ako sucast
potrubia

Angularny kompenzator.
VyZzaduje expertné

posudenie. Potrebny
pevnostny vypocet.

Long
distance

Hinged stay bars small ——
angular
movement
Fixing point
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Parovod
Expansion from neutral position {mm)
v ;o 25 50 75 100 125 150 175 200
Dodrzat nasledovné zasady 400 7 17
projektovania parovodu X ) /| //

300 /

Tvarova kompenzacia— U

NN

/|
9%
/

N
NN
NN
N

Y
- S N /1A A7
g 1/ V7 ¥/
RN R VYAV
Expansion loops B0 l / f/ /
' B NIy //7/
@ ANy 4
w el 0 //
e LV
i H 5 10 15 20 Wj-aﬂdth {m%ieasi 35 4.0 4.5 5.0
o G
6 | | ;

Welded joint



Sucastou parovodu je potrubna
zostava zabezpecujuca odvodnenie
parovodu a zberné kondenzacné
potrubie

Parovod

Kondenzaéné potrubie [—

Odvodnenie parovodu
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Odvodnenie parovodu a kondenzacné potrubie

Sucastou parovodu je potrubna
zostava zabezpecujuca odvodnenie
parovodu a zberné kondenzacné
potrubie

—> Steam flow

Drain line to trap Discharge line from trap

Common return line

Condensate flow ==
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Odlucovac kondenzatu
ROZDELUJEME NA 3 ZAKLADNE

Kld¢ova armatura ktora je zaradena TYPY:

medzi parovod a kondenzacné

potrubie. TERMOSTATICKE / Thermostatic/
pracujuce na principe zmeny

Odlucovac kondenzatu teploty média

Jeho ulohou je odvadzanie

kondenzatu z parného potrubia, tak MECHANICKE / Mechanical/

aby nedochadzalo aj tniku pary pracujice na principe zmeny

hustoty média
Musia zabezpecit aj napr.

- odvod vzduchu pri ndbehu TERMODYNAMICKE /
potrubia. Thermodynamic/

- okamZity odvod kondenzatu pracujuce na principe zmeny

- spolahlivost ... atd’ dynamiky prudenia média

Musim poznat:

- maximalny tlak

- maximalnu teplotu

- poznat aplikaciu, poZzadovany
prietok kondenzatu
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Odlucovac kondenzatu - Termostaticky

termostaticky odlucovac
s nastavitelnou teplotou

Pracuje na principe
roztaznosti kvapaliny. V
odlucovadi je
zabudovany pracovny
element naplneny
olejom a otvara/zatvara
sa pri presne stanovenej
teplote. v rozsahu od 60
do 100 °C.

Condensate in I:>

Seat Valve

Valve head

Condensate out

@

- Lock-nut
Oil filled
element Adjustment nut
Overload spring
‘ 7 9 10 11

il
v
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Odlucovac kondenzatu - Termostaticky

Termicky tlakovo
vyvazeny odlucovac
/Kapsulovy odlucovac/

Pracuje na principe Open
roztaznosti kvapaliny. V
odlucovaci je kapsula v
ktorej je pracovna latka
spolu z vodou tak aby

teplota varu bola nizsia
ako teplota varu vody.

do 100° Closed

Valve open

Vaporised fill
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Odlucovac kondenzatu - Termostaticky

Bimetalicky odluc¢ovaé Open Closed

Pracuje na principe

roztaznosti E‘l>
bimetalickych diskov

ktoré zabezpecuju
odvod kondenzatu.

Valve stem

Bimetal discs

Recess Spring washer

Seat

f ———————— Dynamic clack




Odlucovac kondenzatu - Mechanicky

Plavakovy odlucovac 4+ Air cock

Pracuje na principe |:>
rozdielnej hustoty pary a
kondenzatu. Plavak

uzatvara a otvara

odpustanie kondenzatu

podla vysky hladiny. <:|
Vyrdba sa aj zo

W ponced
) | prassure

- capsule

zabudovanym
automatickym AV

. FTS FTS14X-C (R-L
odvzdusnenim. {vertikilni, pritok dold) {hurlmntilni]{ )
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Odlucovac kondenzatu - Termodynamicky

Termodynamicky
odlucovac

Termodynamické su _
jednoduché a (i

spolahlivé, maju len
jednu pohyblivu ¢ast -
disk. Vysoka odolnost
voci vodnému razu,
zmrznutiu alebo
vibraciam. Hlavne odvod
kondenzatu z hlavnych
parnych rozvodov.

Disc
Inlet

D

Peripheral outlets

Hat
sealing
face

»

Control chamber

|:> (iv)
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Odlucovac kondenzatu - Vyber

Zavisi do mnohych
faktorov.

Potrebné poznat v
prvom rade vhodnost
pre danu aplikaciu a
konzultovat ju z
dodavatelom.

Musim poznat:

- maximalny tlak

- maximalnu teplotu
- poznat aplikaciu,
pozadovany prietok
kondenzatu

Eccentric
reducing

Tanks and Vats

A - Best choice, B - Acceptable alternative, 5 (near-to-steam capsule).  (anti-air-binding disc).

— Ball float- |Ball float . | Balanced | ,. . Liquid | Inverted
Application thermostatic| FT.C | Thermodynamic pressure Bimetallic expansion| bucket
Process vats A B B BS B
(rising discharge pipe)
Process vats
(discharge pipe at base) A Be B®
Smflll cui! !leated tanks A BS
{quick boiling)
Small coil heated tank
mall coil hea nks B A

(slow boiling)
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Armatury

Sucastou parnych a
kondenzacnych potrubi su
aj Standardné armatury
ktoré sme preberali v
osobitnej prednaske:
Ventil

Kohut

Posuvac

Filter

Odlucovac kvapiek

Handwheel

Stem

Gland follower

Gland packing

Bonnet

Body

—— Wedge shaped gate
—— Seat ring

Valve movement Linear Rotary

Operating motion

of the closing device Straight line Rotating about an axis at
(obturator) right angles to the direction of flow
Direction of flow th‘:“;ﬂgﬁ:&"ﬁ;tf’m“ th;g;f;‘;.dr:gaﬁm Through the Around the
in the seating area of the obturator of the obturator obturator obturator
Basic types Gate valve Globe valve Ball valves Butterfly valve

Schematic




Odvzdusnenie

1,

Znizenie Uhrnného
sucinitela prestupu tepla
vplyvom tenke;j
vzduchovej vrstvy na
teplovymennej ploche.

2,

V pripade zmesi pary zo
vzduchom dochdadza k
zmene maximalneho
dodaného tepla ako aj
nizsej teploty pri ktorej
bud kondenzovat para.

v Water side
&_-_’r "’"_1'“'-.._______.,- O * T'
T — T > No air layer
’ % | Metal wall | © T2 negligible drop in
e o C 5 heat transfer rate
across metal wall
. __— o . O
_ e )
B e 2 Air layer
- e Large drop in
k v || Metal wall o heat transfer rate
- o © o relative to comparative thickness
- - of air to metal wall
| o} ) T2

75% steam
(]




SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Odvzdusnenie Air vent

Steam in Steam in Steam in located

g opposite
steam inlet

Odvzdusnenie oproti
vstupu pary,

v v p . Air Air
Odvzdusnovaci ventil
pripadne je

v . V] Air pushed
odvzdusnenie sucastou along by steam Condensate |
odlucovaca kondenzatu a ;!

Condensate Condensate ,
Hoat-thermostatic trap set
Condensate return line <3 &

Steam in Air vent

Air vent incorporated
in the float trap

Steamin £ &

‘0' i :
Air and 3

condensate out
Condensate out
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Kondenzacné potrubie

Prevadzkujeme pri
nizSom tlaku ako W
parovod. Moze dojst k P >3 )
spatnému odpareniu
kondenzatu

Paro-kvapalna zmes

Kondenzacné potrubie
je v skuto¢nosti parovod

pracujucim pri nizkom
Plant DN20 outlet Plant DN20 outlet

tlaku s vysokym DN25
podielom vody. / 20 mm pipe 75 mm pipe trap
|

| G
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Kondenzacné potrubie

1, Skon potrubia v smere
prudenia.

2, Odvod kondenzatu zhoda
dole/ ak je to moiné/

3, Odlucovac kondenzatu -
minimalna vzdialenost od
spotrebica pary

4, Spatny ventil zabezpecuje
oddelenie dvoch priestorov.
5, Odvod kondenzatu napajat
zhora.

6, Eliminacia miest kde sa
moze zbierat voda./nizko
ulozené miesta/

7, MoZnost samocinného
vypustania v pripade havarie,
alebo odstavky.

Parovod
Kondenzacné potrubie
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Kondenzacné potrubie

3,

—» Steam flow

Odlucovac kondenzatu -
minimalna vzdialenost
od spotrebica pary

Drain line to trap Discharge line from trap

Common return line

Condensate flow <=

D Cnndensata i

Steam main
Steam —

Air heater battery Slight fall in the

E direction of flow
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Kondenzacné potrubie

Poznamky

Napojenie ZHORA,
pokial' mozno lateralne.

fiaoh
} Rl

dobre

Vypustanie v pripade ze
sa to neda inak
naprojektovat.

Tlak je vzdy vyssi ako
tlak od vodného stlpca,

Parovod

——k

-Eb
L "4

4 lépe .
nespravne
== spravne
o=

Kondenzatni potrubi

1,5 bar

<10 m
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Vent

Steam —

Heat exchanger

Condensate from others

P
| 1

Non-flooded common line

Temperature control may
cause low condensate

Slope 1:70
pressure in the drain line o

Steam trap Falling common line
allowing condensate

Condensate draining down to a vented receiver l to drain freely.

Easy passage for flash steam
Process

ateam —

Pumped T
Easy passage for condensate
condensate
Vented

I —
— o TBCEIVES
1:70 slope = 150 mm per 10 m run q )

Pump
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Kondenzacné potrubie

Steam —

Heat exchanger

Condensate from others

b

Temperature control may
cause low condensate
pressure in the drain line

Flooded common line

Steam trap

] Lifting common line

causing backpressure
and flooding

m Vent

Pumped
condensate

Vented
receiver

D

4' l‘ * , J' 1:70 slope =
Common ﬂ I A 150 mm per 10 m run
return line _
Non pumped — =)
rising line
Flash steam has to
Process pass through the
- ( ) condensate
Steam

fer@es—

Pump
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Kondenzacné potrubie

STALL Condensate return
/Znefunkéneny odvod ® &
kondenzatu/ Steam in & =[S@]S) Steam in e
The control valve is throttling me Lop ff Eﬁat'r:g??m(g
. Y. to meet a reduced heat load e Neater the hegter
STALL je znizenie alebo
zastavenie toku - E> .

B} . Lift and /or back
kondenzatu zo Fresh air in ':> pressure
spotrebica pary (napr. ‘:>
vymennika tepla ) a Air ducting Cncﬂ%rt?:; coming
nastava, ked'je tlak v Waterlogged condensate in of the heater

- J , the bottom of the heater
SpOtFEbICI pary rovnaky The steam trap goes cool or cold
alebo mensi ako celkovy )
Controller & .—:-_—_i@:'_—.:!]

Contraller

protitlak pésobiaci na
odvadzac kondenzitu. : § Senss -

3 I::> Secondary flow out

b B 7’( 3 T Secondary fow out
Steam in o % . | J Condensate
T N § ) Gt
Existuje viacero s ﬂﬁf?‘lt—m S
eat e &
technickych rieseni. N 5 (2 Sexondaryflowin B 3 & tomerey e
. d Slaﬁthlaad ﬂ
T =N
o
—x Float type steam trap o
foat 9o éf S0 b iy vap.
steamtap

O Must drain by gravity to atmosphere
Must drain bv aravitv to atmosohere




