ME444 ENGINEERING PIPING SYSTEM DESIGN

CHAPTER 11: STEAM PIPING SYSTEM (1)
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1. INTRODUCTION TO STEAM

= Steam Is widely used as heat transmission fluid
(via its latent heat).

= Heat from steam is cheaper than heat from electricity.
(about half price for heavy oll fuel)
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STEAM TABLE

Saturation Enthalpy kJ/kg Volume of dry
Pressure temperature Water Evaporation Steam saturated steam
bar g “C by hg h, 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 2066 2763 0.272
7 170 721 2048 2769 0.240

AT 0 BAR STEAM EXPAND 1600 TIMES THE VOLUME OF LIQUID




HEAT

Steam

[RANSMISSION FLUIDS

Hot water

High temperature oils

High heat content
Latent heat approximately

Moderate heat content
Specific heat

Poor heat content

Specific heat often
2100 kJ/kg 4.19 kJ/kg®C 1.69-2.93 kJ/kg°C
Inexpensive Inexpensive Ex .
: i pensive
Some water treatment costs Only occasional dosing
Good hea.it_transfer Moderate coefficients Relatively 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 break down is
easy through a reducing valve

Temperature breakdown
more difficult

Temperature breakdown
more difficult




HEAT TRANSMISSION

FLUIDS

Steam

Hot water

High temperature oils

Steam traps required

MNo steam traps required

No steam traps required

Condensate to be handled

No condensate handling

No condensate handling

Flash steam available

Mo flash steam

Mo flash steam

Boiler blowdown necessary

No blowdown necessary

No blowdown necessary

\Water treatment required
to prevent corrosion

Less corrosion

Negligible corrosion

Reasonable pipework
required

Searching medium,
welded or flanged joints usual

Very searching medium,
welded or flanged joints usual

Mo fire risk

Mo fire risk

Fire risk

System very flexible

System less flexible

System inflexible




STEAM USERS

Heavy users Medium users Light users
Food and drinks Heating and ventilating Electronics
Phamaceuticals Cooking Horticulture

Oil refining Curing Air conditioning
Chemicals Chilling Humidifying
Plastics Fermenting
Pulp and paper Treating
Sugar refining Cleaning
Textiles Melting
Metal processing Baking
Rubber and tyres Drying

Shipbuilding

Power generation
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APPLICATIONS OF STEAM

Jacketed pan - Large steel or copper pans used in the food and other industries to boil
substances - anything from prawns to jam. These large pans are surrounded by a jacket filled
with steam, which acts to heat up the contents.

Autoclave - A steam-filled chamber used for sterilisation purposes, for example medical
equipment, or to carry out chemical reactions at high temperatures and pressures, for example
the curing of rubber.

Heater battery - For space heating, steam is supplied to the coils in a heater battery. The airto
be heated passes over the coils.

Process tank heating - A steam filled coil in a tank of liquid used to heat the contents to the
desired temperature.

Vulcaniser - A large receptacle filled with steam and used to cure rubber,

Corrugator - A series of steam heated rollers used in the corrugation process in the production
of cardboard.

Heat exchanger - For heating liquids for domestic/industrial use.

. Vacuum packing...
. Thinning organic compound, morass for example
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JACKET VESSEL

Steam e e I {RE]

Strainer

Steam heated
cooking vessel

Strainer

t Automatic
air vent
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steam inlet

Coil —

STEAM COIL

Condensate outlet

— Dip pipe

— Water seal
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STEAM INJECTION

Vacuum breaker
W Control valve (@
Steam ) =ik

Y-type
straingr l

Mot recommend ed

Recommended orientation
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HOT WATER CLEANING

Ball valve

Strainer

Steam trap

Check valve

Pressure gauge, syphon and cock

Temperature gauge

Mixing valve

Mixed water outlet

Oo|~N|[O|O |~ |IN|[=

TCO1 temperature cut-out valve
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CONDENSATE

Steam inlet Condensate outlet

§

Coil — o
+—Dip pipe

— Water seal

Condensate does not transmit heat effectively. A film of condensate inside plant will reduce
the efficiency with which heat is transferred.

When air dissolves into condensate, it becomes corrosive.,
Accumulated condensate can cause noisy and damaging waterhammer.

Inadequate drainage leads to leaking joints.
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STEAM GENERATION




FIRE TUBE BOILER
loth ~
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BOILER EXPLOSION
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BOILER EXPLOSION
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FLASH STEAM

CAN STEAM BE FORMED FROM WATER WITHOUT ADDING HEAT?

Steam trap
Condensate at Condensate and
hbarg flash steam at 0 bar g
—- —-
Saturation temperature Saturation temperature
T, of 155°C T, is 100°C
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2. STEAM PIPING SYSTEM
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BASIC STEAM CIRCUIT
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PIPES

A1579 11.4 Auvuiuzivewislo (Bell, 2000)

SEAUAILGIU TUIAYD
. DN50 @b DN65 — DN250 DN300 $uly
R ASTM A53 Sch. 40 ASTM A53 Sch. 40 ASTM A53 10 mm. thk.
0~ 1barG Type Eor S Grade B Type E or S Grade B Type E or S Grade B
FORILLNAEN sogpae Butt weld fosine Butt weld
DN40 &l DN50 Tl
. ASTM A53 Sch. 80 ASTM A53 Sch. 80
AamgUU LA Type E or S Grade B Type £ or S Grade B

LAY mmﬁuqq
1 — 20 barG

forY Socket Weld

fopne Butt weld

ASTM A106 Sch. 80
Grade B
f9m28 Socket Weld

ASTM A106 Sch. 80
Grade B
fom28 Butt weld

VatldafinunnnudiuggaiviomanileInuunsgiu ASTM A53 wag ASTM A106 LN3A B

awSulamuiisyylu ASME B31.3 waneglunianiuin
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STEAM HEADER/ MANIFOLD

Steam in from
boilers)

Y ,\\ (¢

to plant

Air
vent

]

Steam out
to plant

. e

Steam distribution header

Bagp@ed

Steam trap set
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MAIN PIPE INSTALLATION

30 - 50 metre intervals

| Condensate
Condensate

Condensate -
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TRAPPING CONDENSATE




REDUCERS

Eccentric reducer

Condensate

Incorrect

Condensate Concentric reducer
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GENERAL INSTALLATION
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RVENT

Balanced pressure air vent

&

Discharge air to
a safe place

Steam main

T

Drain to a safe place

]

&

Condensate
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VALVES

A15197 11.3 Framsvhanulaerhluvesidiledn (Spirax-Sarco 2005)

UseLn 749NN ANUAUAN*
UIR (mm) | ANUAY (bar) | aasmndl (C) (bar)
Gate Valve 3 — 2250 700 -196 — 675 0.007
Globe Valve -196 — 650
Diaphragm 3-610 21 -50 - 175 0.021
Ball Valve 6 - 1220 525 -55 - 300 0.007
Butterfly Valve 50 — 1830 102 -30 — 538 0.120

*d1usulenunanueu 24 119 A713157 40 m/s Ianu1auuaa DN150
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Actuator

Valve

VALVES

Springs

Diaphragm

\alve stem

Movement
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CHECK VALVES

Cover
Hinge pin

Disc

Forward flow ’

Seat ring—

Body

Seat |Spring

Reverse
flow

Forward ‘
flowe

Open Closed




PRESSURE GUAGES

VALVE
BOURDON TUBE

RING TYPE SYPHON
(FILLED WITH WATER TO SEPARATE
STEAM FROM THE TUBE)
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TEMPERATURE GUAGES

' Higher coefficient of thermal expansion -

Fig. 12.6.4 Principle of a himetallic strip

SIGHT GLASS
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VACUUM BREAKERS

Temperature contral system

Shell and tube
heat exchanger

' Air alowed in
under vacuum
conditions

Static head

«— Secondary return

l Condensate out toreturn

Mormal operation Cooling At paint of vacuum

Valve closed

Valve open

Steam connection
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VACUUM HAZARD - IMPLODING




LEVEL GUAGE GLASSES

Water level
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EXPANSION JOINTS

Welded bend
20 radius = 1.5

Welded joint

Stay bolts

Side elevation

Pressure acts
on this area

Movement due to

pipework expansion
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EXPANSION JOINTS
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STEAM TRAPS

Ball float type Thermodynamic type Thermostatic type Inverted bucket type
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3. STEAM PIPING SIZING
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PIPE MATERIAL

SCHEDULE 40 STEEL PIPES RANGE FROM 15mm TO 600mm ARE
SUFFICIENT FOR MOST STEAM PIPES.

LARGE PIPES OR PIPES IN HIGH PRESSURE SYSTEM MAY
BE SCH80.

MATERIAL'S STRENGTH DECREASE WITH INCREASING TEMPERATURE.

FOLLOW ASME B31.1 SERIES FOR POWER PIPING.
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HEAT vs STEAM RATE
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PIPE SIZE

Nominal size pipe (mmj) 15 20 25 a2 40 a0 65 a0 100 | 150
Schedule 40 158 | 21.0 | 26,6 | 351 | 408 | 525 | 627 [ 77.9 | 1023 | 154
Bave (mm) Schedule 80 138 | 1889 | 243 | 325 | 380 | 492 | 59.0 | 737 97.2 | 146.4
Schedule 160 | 11.7 | 156 | 20.7 [ 295 | 340 | 428 | 53.9 | G6.6 B7.3 | 131.8
DIN 2448 173 | 223 | 285 | 37.2 | 430 | 603 | 703 | 825 | 107.1 | 158.3
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PIPE SIZING

Oversized pipework means:
2 Pipes, valves, fittings, etc. will be more expensive than necessary.

= Higher installation costs will be incurred, including support work, insulation, etc.

= For steam pipes a greater volume of condensate will be formed due to the greater heat loss. This,
in turn, means that either:
- More steam trapping is required, or
- Wet steam is delivered to the point of use.

In a particular example:

< The cost of installing 80 mm steam pipework was found to be 44% higher than the cost of
50 mm pipework, which would have had adequate capacity.

o The heat lost by the insulated pipework was some 21% higher from the 80 mm pipeline than
it would have been from the 50 mm pipework. Any non-insulated parts of the 80 mm pipe
would lose 50% maore heat than the 50 mm pipe, due to the extra heat transfer surface area.

Undersized pipework means:
o A lower pressure might be available at the point of use, which may hinder equipment
performance.

2 There is a risk of steam starvation due to an excessive pressure drop.

o There is a greater risk of emsion, waterhammer and noise due to the inherent increase in
steam velocity.

46



STEAM PRESSURE DROP CHART
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PIPE SIZING METHODS

PIPE SIZING BASED ON VELOCITY
" NORMAL VELOCITY 25 - 40 m/s
* LOWER VELOCITY FOR LONG PIPE

PIPE SIZING BASED ON PRESSURE DROP

HIGHER STEAM PRESSURE = SMALLER PIPE

48



PIPE SIZING BASE ON VELOCITY

2
=4 E =%

lothsllmnudugansBalilomanamiuiuiosFsaunsaeanwuuiiausigannle
LANIHRINYDTNAIU8712LAY 50 LUATADINNNITASIVEADUANIUAUANAIULALD LA8DILT
ANULSIAT 20 m/s N leuAUFURNAR gl UYIaY1ILN

A157°99 11.5 §eg19annusnseuanunyauvadlali (Bell, 2000)

5 . anusulean A1IL57
YA UALIGU
(barG) (m/s)
A LEN 0-1 20 - 30
AMUAUUIUNATS 1-7 30 — 40
mmﬁu@q 7 -20 a0 - 75

49



PIPE SIZING BASE ON VELOCITY

a1 11.7 desluavetleurdudmfiniusinieg luveainga 40

P V Sastlvavaslathdus ke/h) Tuvie awnga 40
(barg)| (m/s) 15 20 25 32 10 50 65 80 100 125 150

10 6 11 17 29 41 67 98 148 255 401 579
_ 20 12 21 35 58 82 135 197 296 510 802 | 1,158
0 30 18 32 52 ar 122 202 295 445 765 1,203 1,737
40 24 43 69 116 163 269 394 593 1,021 1604 2316
10 8 14 23 38 53 88 129 194 334 525 758
20 16 28 45 76 107 176 257 388 668 1,049 1,515
: 30 24 a2 68 114 160 261 386 582 | 1,001 1574 2,273
a0 32 56 91 152 214 352 515 75 1335 2,098 3,030
10 12 20 33 56 78 129 188 283 488 767 | 1,108
20 23 11 66 111 156 257 376 567 976 1534 2,216
’ 30 35 61 99 167 234 386 565 850 | 1464 | 2301 | 3,323
40 a7 82 133 223 312 515 753 1,134 | 1953 3,069 _4,.431




PIPE SIZING BASE ON VELOCITY

13197 11.8 dasluavasterndudivianuswnegluvoainga 80

P V Sasnlnaveslothdui (ke/h) luvie anga 80

(barg) | (m/s) 5 20 5 32 a0 50 65 80 100 125 150
10 5 9 14 26 35 59 85 132 230 365 522
_ 20 9 17 29 51 71 118 170 265 461 7291 1,045
0 30 14 26 13 77 106 178 255 397 691 1,094 1,567
40 19 35 58 103 142 237 340 530 922 1459 2,090
10 6 11 19 34 46 7 111 173 301 ari 6814
20 12 23 38 67 93 155 222 346 603 954 1,367
: 30 18 34 57 101 139 232 333 520 901 1,431 2,051
40 25 45 75 135 185 310 445 6931 1,206 1908 2,734
10 9 17 28 49 68 113 163 253 441 698 1,000
20 18 33 55 98 136 226 325 507 882 | 1395 1,999
: 30 27 50 83 148 203 340 488 60| 1,323 2,093 2,999
40 36 66 110 197 271 453 650 1,013 1,763 | 2,/91 2,998
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EXAMPLE 11.1

wmAmusvuIavediletludns 300 kg/h Ardudu 8 barG lagldvieainga 80
Tanusalidiiu 40 m/s wagmdnsianudiuan

ey o
591 11.8
NANSN 117 nudwie DN25 anga 80 Susnsiivald 311 ke/h Aieudu 8 barG
Twdenlyvio DN25 Sch80 nOU
P V Snsluaveslerduin (ke/h) luvie anga 80
(barg) [ (m/s) 15 20 25 32 40 50 65 80 100 125 150
10 25 aj 78 139 191 319 458 7141 1,243 1967 2,818
. 20 51 93 156 207 382 639 916 1428 2486 | 3934 5636
40 101 187 C311)» 555 4| 1277 1833 2857 4972 7868 11,273
60 152 280 a67 832 1,146 | 1916 | 2,/49| 4285 7,458 11,802 16,909
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EXAMPLE 11.1

MNUUATIRFRUSAIANAUANIINTY 11.11 Tneanidudnsiiva 300ke/h dafuiduain
A 8 barG ntulusiangadaTuluwnasludaiudy DN25 wiiguadnsauduanls
3.4 bar/100m

10

10 e . - ey — ——
3.4 bar/l()Om:W I d;’/ z 7 (%j? % ’ cfl ;f? :ql / ;h
o S S S
E . A, /1 / r/’ V4 / // ,/ // VAVAE
L ///Jj/’///a// Vil L 4D
8 7 7 77 Ay Sy SR (A
E II ’ II 4 V4 ,Il 7 / y 4 i
k- / &) @Ay wa V(A A AV y
- / // vl / // / / I'/ J // /
/
E 0.1 / y Al // / / AV (Vi / (/ o
S A / BV 3L SRR SEEVRY (SR AW I & 7
y. iy 71 717 / VAR
JdiIVaAND4 4’44 / // / A4 //' /
001 M1 / / /] ,/ / f‘ / // / /| / _/ 0.01
/ 7 .
L/
0.001 0.001

20 - 20
R L E === == 15
% we B 10
- -E .
:§ s +s

4 | t 4
'é 3 3
E oz 2
=
(=S 1

100,000

damlna (kgh)

a I3 o a 3 o E24 1 F24 1o
MNEWR AAUAN 3.4 bar/100 wasiuaiigs lun1shnfitsaazsemanienvarienis mnvied
ANNENIUINIEA YR anuUUlag It na A UAURANS 99z Na s e LU
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PIPE SIZING BASE ON PRESSURE DROP

A15°9 11.6 ANUSUANTIMUNzENA1MSUNISRankUUBlaududl (Bell, 2000)

. N audulon AUAUANN ANUAUANTIL
SEAUAINUAL
(barG) (bar/100m) (bar)
A TUAUAN 0-1 0.03 - 0.1 0.01 - 0.2
ANUAUUIUNANY 1-7 0.1 - 0.45 0.2 -0.7
AUFIUE 7-20 0.45 - 1.1 0.7-4
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EXAMPLE 11.2

semiwunsuavieddledilusns 300 ke/h fiAusudiunig 8 barG Wusyegg
150 m Inediosnisanuduivatendlisnds 7.6 barG liuszanasnsinsiniingus
[eananuiouandelin 3.5%/100 m uasAnmnuagdsluderouwaznduiiu 10% vos
AINNENIVID

259
19991099 M UUAAUAUAUNIULAZUAUNIT FIAITOD NLUUMSLNUNAUAUAN

24
s

"EJ"LALLCjﬂﬁﬂﬁ’J"IQJEJ’]’JL‘ﬁEJULW‘IL%M 150 m+ 10% =165m

. . 8—1756
IMNUUATUIUANNAUANAD 100 M A dp = ———X 100 =0.24 bar/100 m
165

LarAREaAUTRUggLden WAl wuzihlnensdalaufed AT 3.5%/100 m A
W m =300 X (14 3.5% X 165/100) = 317 kg/h
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EXAMPLE 11.2
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EXAMPLE 11.2

WINATIVABUANULSINIINTUT 11.12 aznuirlethdannnuiaussunal 6.5 m/s wintl viadl
WNlISoaNLUUMIELNMIIALSET 40 m/s faded1aW 11.1 axlduuinvialiies DN25 Sch
80 wsillmudunngeanniiiesninviediadnuenaunn nseeniuumenamaNuERlglila
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EXERCISE

11.1) Y1NASAN LD DNLUUSZUUYID Lot U uUna u#s LU

(11.1.1)
(11.1.2)
(11.1.3)

(11.1.9)

wilaladn

wmuavuaviaddlauilaslimnusaleavnliiiu 30 m/s
AAINAURANgEalusTUUYalet

dl b7 1 o b7 b2 = 1 [ =9
mnauuAruvieviiaufeugadsanvislaitiu 100 w/m a9
9nsNsiAnARULAULEAN [l
ARUADNTINSNARLDUN tay Aueu letueande Lol

100 3. 100 il
50 1. 50 4.
BT 1 g9 2
2000 N 3000 NA/BA

8115 8 1§
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CONDENSATE RETURN LINE

* FOR NON-PUMP PART, SIZE AT LOW VELOCITY
* PROVIDE SLOPE
* PUMP MAY REQUIRE

E]Uam
_ |

Easy passage for flash steam

Process
- e ..
Pumped T
Easy passage for condensate
condensate
4 P ei— Vented

S ~— =3 recei ver
1:70 slope = 150 mm per 10 mrun )
Pump
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