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Table 2 comparison of steam, high pressure hot
water and high temperature oil systems
Steam Hot Water High Temperature Qil
1 High heat content, Latent heat Moderate heat content. Poor heat content
approximately 900 Btu/lb Specific heat — 1 Specific heat often 0-4 - 0.7
2 Cheap but some water treatment Cheap. Only occasional dosing  Expensive
cost
3 Good heat transfer coefficients Moderate heat transfer Relatively poor heat transfer
coefficients coefficients
4 High pressure required for high  High pressure required for high  Low pressures only to get high
temperatures temperatures temperatures
5 No circulating pump required Circulating pump required Circulating pump required
6 Small pipes Large pipes Larger pipes
7 Easy to control with 2-way valves Less easy - 3-way valves or Less easy - 3-way valves or
differential pressure valve may differential pressure valves may
be required be required
8 Temperature breakdown easy Temperature breakdown less easy Temperature breakdown less easy
through reducing valve
9 Steam traps required No steam traps No steam traps
10 Condensate to be handled No condensate handling No condensate handling
1 Flash problems No flash problems No flash problems
12 Blowdown loss No blowdown loss No blowdown loss
13 Corrosion problems Less corrosion Negligible corrosion
14 Reasonable pipework required Searching medium, welded or Very searching medium, welded
flanged joints usual or flanged joints usual
15 No fire risk No fire risk Fire risk
16 System flexible System less flexible System inflexible
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ADVANTAGES
F*Steam offers the following advantages:

» Steam flows through the system unaided by external energy
sources such as pumps.

» Because of its low density, steam can be used in tall buildings
where water systems create excessive pressure.

» Terminal units can be added or removed without making basic
changes to the design.

» Steam components can be repaired or replaced by closing the
steam supply, without the difficulties associated with draining
and refilling a water system.

» Steam is pressure/temperature dependent; therefore, the system
temperature can be controlled by varying either steam pressure or
temperature.

= Steam can be distributed throughout a heating system with little
change in temperature.

In view of these advantages, steam is applicable to the following
facilities:

» Where heat is required for process and comfort heating, such as in
industrial plants, hospitals, restaurants, dry-cleaning plants, laun-
dries, and commercial buildings

» Where the heating medium must travel great distances, such as in
facilities with scattered building locations, or where the building
height would result in excessive pressure in a water system

* Where intermittent changes in heat load occur
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Table 1 Properties of Saturated Steam

Absolute Saturation Specific Volume, n'/kg Enthalpy, kl/ke
Pressure, kPa Temperature, "C Liquid v Steam v, Liquid &, Evaporation /. Steam /i,

19.9 &0 0.00102 T.669 251 2358 2609
474 g0 0.00103 3405 135 2308 2643
101 100 0.00104 1672 419 2256 2675
199 120 0.00106 0.891 504 2202 2706
362 140 0.00108 (.508 589 2144 2733
618 160 0.00110 0.307 676 2082 2758
1003 180 0.00113 0.194 763 2015 2778
1555 200 0.00116 0,127 852 1941 2793

Mote: Values are rovmded off or approximated to illustrate the warions properties discussed in the text, For caleulation and design, wse values of thermodynarnic preperties of water
shown in Chapter 1 of the 2000 ASHRAR Handbook—Fundamentals or a similar table,
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Deaerators help elimmate oxygen and carbon dioxide from the
feed water (see Chapter 49 of the 2011 ASHRAE Handbook—HVAC
Applications for more information ).

Chemicals can be fed using several methods or acombmation of
methods, depending on the chemical(s) used (e.g., chelants, amines,

OXygen scavengers ).
'Y



EFFECTS OF WATER, AIR, AND GASES

Enthalpies in Table 1 are for dry saturated steam. Most systems
operate near these theoretically available values, but the presence of
water and gases can affect enthalpy, as well as have other adverse
operating effects.

Dry saturated steam is pure vapor without entrained water drop-
lets. However, some amount of water usually carries over as con-
densate forms because of heat losses in the distribution system.
~Steam quality describes the amount of water present and can be
determined by calorimeter tests. The quality of saturated steam can
be improved by installing a separator in-line before the equipment.

Although steam quality might not have a significant effect on the
heat transfer capabilities of the terminal equipment, the backing up
or presence of condensate can be significant because the enthalpy of
condensate /1,13 negligible compared with the enthalpy of evapora-
tion fig. If condensate does not drain properly from pipes and coils,
the rapidly flowing steam can push a slug of condensate through the
system. This can cause water hammer and result in objectionable
noise and damage to piping and system components.

The presence of air also reduces steam temperature. Air reduces
heat transfer because it migrates to and insulates heat transfer
surfaces. Further, oxyoen in the system causes pitting of iron and

V¢



steel surfaces. Carbon dioxide (CO,) traveling with steam dissolves
in condensate, forming carbonic acid, which is extremely corrosive

to steam heating pipes and heat transfer equipment.
The combined adverse effects of water, air, and CO, necessitate
their prompt and efficient removal.

\o



Outlet Capacity | TANK Capacity Overall Dimention (mm)
MODEL NO.

==
1 SDA-2000 2000 440 1800 620 2000
e 2 SDA-5000 5000 440 1800 620 2100 12 1220
3 SDA-10000 10000 * 1320 2200 920 2600 16 1440
2 4 SDA-15000 15000 1320 2200 920 2700 20 1600
5 SDA-20000 20000 1720 2800 920 2800 24 1700
6 SDA-30000 30000 3200 2900 1220 3250 28 1800
7 SDA-45000 45000 4280 3850 1220 3400 36 1900
8 SDA-60000 60000 10250 4200 1520 3800 42 2100

I Water inlet

MODEL NO,
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Figure 52
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» As steam gives up its latent heat at the terminal equipment, the
condensate that forms is initially at the same pressure and temper-
ature as the steam. When this condensate is discharged to a lower
pressure {as when a steam trap passes condensate to the return
system), the condensate contains more heat than necessary to
maintain the liquid phase at the lower pressure; this excess heat
causes some of the liquid to vaporize or “flash™ to steam at the
lower pressure. The amount of liquid that flashes to steam can be
calculated as follows:

100(f, — I )
% Flash Steam = Ealics 1)

kfgi

where

g = enthalpy Gfl%qu%d at presaure py
Rgy = enthalpy of liquid at pressure py
feey = latent heat of vaporization at pressure py

Flash steam contains significant and useful heat eneroy that can
be recovered and used (see the section on Heat Recovery). This
reevaporation of condensate can be controlled (minimized) by sub-
cooling the condensate within the terminal equipment before it dis-
charges into the return piping. The volume of condensate that is
subcooling should not be s0 laroe as to cause a significant loss of
heat transfer {condensing) surface.

Yo



" <M

S 4 Hlade ax VWOPSIG HUs L SO0 M8 G 0 8-PSIG LS U uilass aieg,lie 51 —Y4
9 )l Ul g Wigy 3 91 YFA plp OPSIG jo uiluss JLil .09 0 Jouwi VOPSIG
= —

Tt digs 1 g1 Ft TV 9 1Y (i 5 42 1OPSIG uitis
Mz lass \lt%( Sigs Ae (Y h% ‘h% Sigs OO (1\/
Lhﬂ(.._,\tfrf,'\ %‘T’“ﬂb Ny FO (F Lig Ve (Y
hg =\4 7 Np - hi-

1 " o xyN - XY 56
S = - Klow = =00

hgi \WT h]ﬁ-& Y=y
h&gﬂh%fml 0.05% K\ovo— 55 ||

1



" M

2 & Gl OGO 4 999 L &+ PSIG jLA3 b (capmilal) 5l (il 3t aoys Wi -0F

Uil iy S WY iy 10 PSIG JLad o,y Uil Sogdse oo 16 PSIG

1 PSIG Ui 40 it Ul g wigs » srosdst TFA il B0 PSIG ,Lad 53yl uiluss
ol N 999 I 2 YVl y

RWIREAIA (f/ Sz )0 VIO (Y ey Vo (Y oy VYO ()



" J
DESIGNING THE FLA SH TANK

1. CALCULATE THE AMOUNT OF CONDENSATE ENTERING THE FLASH TARK — THE AMOUNT OF CONDEN-
SATE ENTERING THE TANK WILL BE THE SUMMATION OF THE STEAM CONSUMING CAPACITY OF ALL

EQUIPMENT TO BE CONMECTED TO THE FLASH TANK. DO NOT TAKE THE TRAP CAPACITIES OF ALL
EQUIPMENT SINCE THEY ARE USUALLY SIZED AT THREE TIMES THE STEAM CONSUMING CAPACITY.

2. CALCULATE THE AMOUNT OF CONDENSATE THAT FLASHES INTO STEAM WITHIN THE TANK - THE
AMOUNT OF CONDENSATE THAT FLASHES iINTO STEAM WITHIN THE TANK CAN BE CALCULATED BY

EQUATING THE AMOUNT OF HEAT FLOWING INTO THE TANK AND THE AMOUNT OF HEAT RELEASED
WITHIN THE TANK:

HEAT FLOYING INTO TANK = HEAT RELEASED IN TANK
FOR EXAMPLE, WHEN 100 LBS/MIN. OF CONDENSATE AT 300 DEGREES F. ARE FLOWIKG INTO A PROP-

ERLY YENTED TAHK N WHICH THE PRESSURE IS ATMOSPHER!C, THE FOLLOWING CONDITIONS WILL
BE ENCOURTERED:

A. HEAT FLOWING INTO TANK -~ THE HEAT FLOWING INTQ THE TARK WILL BE 100 LBS/MIN, x 269.59
BTU/LB (ENTHALPY OF WATER AT 300° F) OR 26,959 BTU/MIN.



B. THE HEAT RELEASED IN THE TANK ~ THE HEAT RELEASED IN THE TARK WILL BE EQUAL TO THE

HEAT FLOWING [N, OR 26,957 BTU/MIN. THE AMOUNTS THAT GO INTO STEAM AND THE AMOUNT
THAT GOES INTOWATER ARE GIYEN BY THE FOLLOYING FORMULA:

{WHERE *$"" ~ LBS. OF STEAM PER MINUTE) -

LRS. CONDENSATE INR/MIN. x ENTHALPY OF WATER = (LBS. CONDENSATE IN/MIN_""5"}
x {ENTHALFY OF WATER AT PRESSURE IN TANK) + 5" x ENTHALPY OF STEAM

(SATURATED YAPOR AT PRESSURE [N TANK.)
OR /N THE EXAMPLE:

100 x 269.59 = (100 = "'5™) x (180.07)+ ("'5" x 1150.40)
26,959 = 18,007 — 180.07 *'S"" + 1150.40 *'§"
B,952 = 970.33 "'5"

“§" = 9,22 LBS, STEAM/MIN,
WATER = 100 - 9.22 OR 90.78 LBS. WATER/MIN,

CHECKING -

HEAT IN = 100 x 269.59 = 26,959 BTU/MIN.
_ HEAT RELEASE 1N TANK -

A. WATER = 90.78 x 180.07 = 16.34 BTU/MIN.
B. STEAM =9.22 x 1150.40 ~ 10.60 BTU/MIN.

———maraa

TOTAL = 26.95 BTU/MIN,



3. SIZING THE STEAM SPACE — IF THE YENT IS ADEQUATELY SIZED, THE STEAM CHAMBER MEED ONLY 2§
Fnr:nmmma OF THE INSTANTANEOUS FLASH; THUS, FROM THE EXAMPLE ABOYE,
HERE IS -

9.2 LBS/MIN x 26.80 (SPECIFIC YOLUME OF STEAM # 0 PSIG) FT3/L8 =
“60 SEC

4.1 CU.FT./SEC. FLASHING

TO AYOID PRESSURE BUILD-UP, TAKE 2 x 4.1, OR 8 FT.7 FOR STEAM SPACE: ASSUMING A nuu DIAMETER
OF 30 INCHES, SOLYE ~OR HEIGHT, “A"", OF STEAM SPACE “§".

$CU.FT.=(30/12) n{l_- g

AT =0+49=
‘AT = L83 FT. x 12 = 19.6 IRCHES, SAY 20 INCHES.

4. SIZING THE WATER SPACE.— TO PROYIDE STABILITY OF FLOW FROM THE FLASH TANK AT Lim* TEN
NINUTES OF WVATER STORAG

E SHOULD BE PROVIDED. THUS, IN THE EXAMPLE ABOVE -

90.78 LB5/0F WATER PER MIN. x 10 = $07.80 LBS. OF WATER

907.8 LBS + 59.80 LBS/FT 3= 15.18 CU. FT.
15.18 CU. FT.+ 4.9 = 3.09 FT., SAY 36 K4CHES

5. TANK SIZE.— THE TARK SIZE IS THE DIAMETER TIMES THE SUMMATION OF THE STEAM AND WATER SPACE,
OR TN THE EXAMPLE -

30" DIAMETER x (20 + 36} =
30" DIAMETER x 56'* HIGH



6. SIZING THE YENT ;I:IEIEI THE YENT FROM THE TABLES FOR LOW PRESSURE STEAM. DO NOT SIZE VENT
LESSTHANTWO 2 ES.

7. HLING THE HIGH PRESSURE CONDENSATE PIPING ~ S!IZE THE HIGH PRESSURE CONDENSATE L
THE COMDENSATE TABLES. CON TE LINE FROM

L8 mmmmmummmmmg = SIZE THE ATMOSPHERIC CONDENSATE
LINE TO SUIT THE PUMPS OR GRAYITY FLOW CONDITIONS.

. USE OF I'I-'E.IT WASTED TO ATMOSPHERE - WHERE THE STEAM WILL BE YENTED TO ATMOSPHERE, CON-

SIDER 1N THE DESIGN THE USE OF THE FLASH STEAM IN THE BUILDING, OR RUN THE MEHHTE
THRU HEAT EXCHANGERS IN THE BUILDING TO AYOID WASTING OF HEAT TO THE ATMOSPHERE.

¢y



HiGH  PRESSURE mm:un‘rx N
SEE PROJECT PLAN FOR CON T

FFORT ANGLE
£ DETAIL

1" SWING CHECK VALVE —

I* SYPHOM BREAKER ——

SUPPORT ANGLE
SEE DETAIL

VENT TO ATMOSPHERE
I BWING * CHECK WALVE

i GYPHON BREANER

ALL THREAD ROD
10 STRUCTURE

VENT TO0 ATMOSPHERE

SUPPORT ANGLE
SEE DETAIL

ALL THREAD ROD
1O STRUCTURE

SUPPORT AMGLE
SEE DETAIL

B D ¥

SUPPORT ANGLE
SEE DEWAIL

m{l‘!' :cllll.l. %—h-.,

FILLED Wi Iﬁ HIDI
: '#H: nnmrn
SEPARABLE
;mn SNILL HAVE EX-
HECK WHERE RE-

GUIRED FOR INSULATION DIAMETER-SEE SCHEDULE

GAGE 0-13 PG

—HEIGHT = SEE
SCHE

FRONT ELEVATION

I"GATE
VALVE TMOSPHERE SSURE
I" BOTTOM DRA ﬁnuumr: ﬁl

DETAILS OF THE

- 4-172" ROUND muﬂ

BESioneD, soNsT
PRE ’T.‘&“ 1L} !GWL‘
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RECAMYAD INSULATION WITH BOZ. CANVAS
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[ T
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i TYETE R
Optional location for Optional
safety controls i (probe-type) low-water
in low=voltage circuit cutoff control
o_» Disconnect switch ° Temperature limit control
\» Fuse .S (hot water)
° Hirplluwmmr - - Normally open relay
B subgﬂmd contacts
050 Pressure limit = Probe
control (steam)
Simplified sample wiri

schematic for basic gas-fired boiler (intended for illustrative
pufpouonlydopldlnggmwonoflow-wamcumﬂoonwob)
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Steam Table 1 Metric Units

; Specific Enthalpy Specific

\s Pressure Temperature Volume

/ "L Water (h¢) Evaporation (hfg) Steam (hg) Steam
bar kPa oC kJ/kg kd/kg kd/kg m3/kg
0-30 300 69-10 28923 2336-1 2625-3 5.229
050 Lbsolute —20:0 81-33 340-49 2305.4 2645.9 3.240
0.75 75.0 91.78 384.39 2278.6 2663.0 2.217
0.95 95.0 98.29 411.43 22618 26732 1.777
0 Ty 0 100-00 419.04 22570 2676.0 1.673
010 22Y% 700 102-66 3430-2 2250-2 26804 1.533
0-20 200 105-10 4408 _ 22434 26842 1413
0-30 30.0 107-39 450-4 2237-2 2687-6 1.312
0-40 400 109.55 450.7 2231-3 2691-0 1.225
0.50 ~50.0 111.61 4683 22256 2693.9 1.149
0.60 60.0 113-56 476.4 22204 26968 1.083
0-70 ~ 700 11540 4841 2215.4 26995 1-024
0.80 80-0 117.14 4916 2210-5 27021 0971
0.90 90.0 118.80 4989 22056 2704.5 0.223
1.00 160.0 120.42 5056 22011 2706.7 0.28!
1-10 110.0 121-96 512.2 2197.0 27092 0.841
1.20 120-0 123.46 518-7 21928 27115 0-8C6
1.20 130.0 124.90 5246 2188.7 27133 0773
1.0 140-0 126-28 5305 2184.3 27153 0.7423
150 150-0 12762 536-1 2181.0 27171 n-714
1-60 160.-0 128-89 5415 21773 27189 0-889
1-70 170-0 130-13 5471 21737 27208 0-685
1-80 180-0 131-37 552-3 21701 27224 0-643
1-90 190-0 132-54 5573 2166-7 27240 0.622
2.00 2000 13369 5622 21633 27255 0-603
2:20 2200 135.88 571.7 21569 27286 0563
2.40 240.0 138.01 580-7 2150-7 27314 0536

== — > - Y 1447 2731.9 m




Steam Table 1 Metric Units

) g Specific Enthalpy Specific
- Pressure Temperature Volume
) / fls J, ; Water (h¢) Evaporation (h¢g) Steam (hg) Steam
bar kPa oc kJ/kg_ kd/kg kJ/kg m3/kg
0-30 300 69-10 28923 23361 2625-3 229
050  .heol 50-0 81.3 340-49 23054 2645.9 -240
0.75 75.0 91.78 38439 2278.6 26630 .217
‘ J) 095 95.0 98.29 41143 22618 673-2 1777
~— 30 ssuge —2 100.00 419.04 2257.0 2676.0 1.673
0-10 10.0 10266 430-2 2250-2 2680-4 1.533
020 20-0 105-10 4408 22434 26842 1413
0-30 30-0 107-39 4504 2237 687.6 1:312
0-40 400 10955 459.7 2231 2691.0 1.225
0.50 50-0 111.61 4683 2225. 2693 1.149
060 60-0 113-56 4764 22204 2696- 1.083
0-70 70-0 11540 4841 22154 26995 1.024
0-80 80-0 11714 491 22105 27021 0.971
090 90-0 118.80 498 2205-6 7045 0923
1.00 160-0 12042 505 22011 2706-7 0-28!
110 110-0 121-96 512.2 2197.0 27092 0.841
120 120-0 12346 518-7 21928 27115 0-8C6
1.20 130.0 124.90 5246 21887 2713 0773
1.40 140.0 126-2 530-5 21843 2715:3 0-742
1.50 150-0 1276 536-1 21810 77 0.714
1.60 160-0 128. 5415 21773 27189 0-689
1.70 1700 130-13 5471 21737 27208 0-665
1.80 180-0 1313 23 21701 21224 0-843
1.90 190-0 132.54 73 21667 27240 0622
2.00 2000 133-69 2.2 21633 27255 0-603
2:20 20-0 135.88 1.7 1569 27286 0-568
2.40 400 138.01 580-7 1507 27314 0.536
2.60 60-0 140.00 589-2 144.7 27339 0-509
-80 280.0 141.92 5974 139-0 27364 0-483
.00 300-0 14375 053 21334 738-7 0-461
-20 320.0 145.46 129 21261 2741.0 0-430
.40 3400 147.20 200 21229 742 0422
360 360-0 48.84 271 21178 744 0-405
380 380-0 5044 34.0 21129 746 0-389
o0 400.0 51.06 540.7 21081 2748 0374
4.50 450.0 56.55 6563 2096-7 27531 TRz
|_Ss00 5000 158-92 670-9 2086.0 756- 0.315
— 550 550U TOZ00 G2-G 20187 260. 0.292
600 600-0 65-04 6975 20660 2763 0-272
6-50 650-0 67.83 7097 20568 27665 0-255
7-00 7000 70-50 7214 0477 27691 0-240
7.50 750.0 173.02 7325 039-2 27717 022
8.00 800-0 17543 7431 030-9 27740 0-215
— 850 850-0 177.15 753.3 0229 7762 9.2
9-00 900-0 17997 7630 015-1 27781 0-134
9.50 950.0 18210 7725 007-5 780-0 0-185
10.00 000- 184.13 781-6 2000-1 2781.7 0177
10:50 0500 186.05 790-1 1993-0 2783- 0171
11:00 1000 188.0 798" 198€-0 2784 0163
11:50 50-0 189-8 807- 19791 2786- 0157
-00 2000 91-68 15 1972:5 787 0-151
-50 2500 93.43 822 19654 788. 0.148
—13.00 300-0 95-10 830 1959-6 7900 0141
-50 350-0 9662 837 19532 7911 0-136
4.00 400-0 98.35 845. 19471 7922 0-132
14-50 450-0 199.92 852 1941.0 7931 0-128
15.00 500 201-45 855-0 19350 794-0 0-124
15.50 550 202.92 865-7 19283 794-9 0-119
-00 1600- 204-38 8723 19234 795-7 0-117
-00 1700 20717 885.0 12-1 797- 0110
8-00 800-0 20990 897-2 901- 798 0-105
9. 900! 21247 909.0 890 2799- 0-100
20-00 2000- 14-96 20- 880- 2800- 0-0949
21 2100 17-35 . 870- 2801- 0.0906
22.0( 2200- 19-65 341 860- 2802 0-0868
23.0( 300- 221.85 952- 850-4 2802 0.0832
24.00 2400- 224.0: 962.. 340- 2803 0.0797
25.00 1 972. -4 803 0.0768
- al 981- 22 03 0-0740
27.00 27000 _ 230-14 990- 2804.0 00714

o)



. Figure 3: Steam Saturation Table Figure 3 (Gont.): Steam Saturation Table

Gauge Absolute Sensible Latent Total (hg) Specific
Gauge Press. :bsnluﬁa Temperature S"":Ible L;tent thal 82::. Vol‘;ume Pressure Pressure Tenrzger:::u;e (hf) (hfg) BTU/Ib Volume
in Hg. Vac. DRI Degrees F B'ISUTI’.B B(Tlfﬁl)b B!rl?rllb e:'tg:“(: 9) psig psia BTUILB BTU/Ib t311b Steam (Vg)
psia 70 84.7 316.0 286.2 898.8 1185.0 519
27.96 1 101.7 69.5 1032.9 1102.4 333.0 72 86.7 317.7 288.0 897.5 1185.5 5.08
25.91 g 126.1 93.9 1019.7 1136 1735 74 88.7 319.3 289 4 898.5 1185.9 4.97
23.81 3 141.5 109.3 1011.3 1120.6 118.6 76 90.7 3209 291.2 895.1 1185.9 4.87
21.83 4 153.0 120.8 1004.9 125.7 90.52 78 92.7 322.4 292.9 893.9 1186.8 1.77
19.79 5 162.3 130.1 999.7 1129.8 73.42 80 94.7 323.9 294.5 892.7 1187.2 1.37
17.75 6 170.1 137.8 995.4 1133.2 61.89 82 96.7 325.5 296.1 891.5 1187.6 1.25
15.7 7 176.9 1446 9915 1136.1 5357 84 98.7 326.9 207.6 890.3 1187.9 1.19
13,66 8 182.9 150.7 987.9 11386 47.26 86 1007 3284 299.1 689.2 1188.3 1.10
1162 p 188.3 1562 9547 1140.9 423 88 102.7 3299 3006 888.1 1188.7 4.33
F : : : : 90 104.7 331.2 3021 887.0 1189.1 4.25
9.58 10 1932 161.1 981.9 1143.0 38.37
1978 1657 9792 1429 3509 92 108.7 3328 3035 885.8 1189.3 417
A 1 : : : : A 94 108.7 333.9 304.9 884.8 1189.7 410
5.49 12 202.0 169.9 976.7 11466 32.35 %6 107 3353 306.3 883.7 1190.0 4.03
3.45 13 205.9 173.9 974.3 1148.2 30.01 98 12.7 336.6 307.7 882.6 1190.3 3.96
e 1;1 14 209.6 177.6 a72.2 1149.8 28.0 100 114.7 337.9 309.0 881.6 1190.6 3.90
auge Pressure 102 116.7 339.2 3103 880.6 1190.9 3.83
psig 104 1187 3405 3116 879.6 1191.2 377
0 14.7 212.0 180.2 970.6 1150.8 26.8 106 120.7 341.7 313.0 878.5 1191.5 3.71
1 15.7 2154 183.6 968.4 1152.0 252 108 122.7 343.0 314.3 877.5 1191.8 3.65
2 16.7 218.5 186.8 966.4 1153.2 238 110 124.7 344.2 315.5 876.5 1192.0 3.60
3 17.7 2215 189.8 964.5 1154.3 225 12 126.7 345.4 316.8 875.5 1192.3 3.54
4 18.7 2245 192.7 962.6 1155.3 214 114 128.7 346.5 318.0 874.5 1192.5 3.49
5 19.7 227.4 195.5 960.8 1156.3 20.4 116 130.7 3477 3193 8735 1192.8 3.44
6 20.7 230.0 198.1 959.2 1157.3 19.4 118 132.7 348.9 320.5 B872.5 1193.0 3.39
7 21.7 2324 200.6 957.6 1158.2 186 120 134.7 350.1 321.8 871.5 1193.3 3.34
8 227 234.8 203.1 956.0 1159.1 17.9 125 139.7 362.8 324.7 869.3 1194.0 3.23
g 237 2371 205.5 954.5 1160.0 17.2 130 1447 3556 327.6 866.9 1194.5 3.12
10 24.7 239.4 207.9 952.9 1160.8 16.5 135 149.7 338.3 230.6 B84.5 11951 3.02
1 25.7 2416 210.1 9515 11616 159 140 154.7 360.9 333.2 862.5 1195.7 5.93
12 26.7 2437 2123 950.1 1162.3 15.3 145 159.7 3835 335.9 860.3 11962 284
13 o T Cren 5144 $46.6 1163.0 148 150 164.7 365.9 3386 858.0 1196.6 2.76
4 =i et T A T R 155 169.7 368.3 3411 856.0 1197.1 268
: : =~ : : 160 174.7 370.7 3436 853.9 1197.5 2.61
15 29.7 249.8 218.4 946.0 1164.4 13.9 165 170.7 3729 346.1 851.8 1197.9 254
307 251.7 220.3 944.8 1165.1 134 . | - - - -
6 : S 170 184.7 375.2 3485 849.8 1198.3 2.48
17 31.7 253.6 222.2 943.5 1185.7 13 175 189.7 3775 350.9 847.9 1198.8 2.41
18 327 2554 224.0 942.4 1166.4 127 180 194.7 379.6 353.2 845.9 1199.1 2.35
19 337 257.2 225.8 941.2 1167.0 123 185 1997 3816 3554 844 1 11955 230
20 347 258.8 227.5 940.1 1167.6 12 190 204.7 3837 357.6 842.2 1199.8 224
22 36.7 262.3 230.9 937.8 1168.7 1.4 195 209.7 385.7 350.9 840.2 1200.1 2.18
24 387 265.3 234.2 935.8 1170.0 10.8 200 2147 387.7 362.0 838.4 1200.4 2.14
26 40.7 268.3 237.3 933.5 1170.8 103 210 2247 3917 366.2 834.8 1201.0 2.04
28 427 271.4 240.2 931.6 171.8 9.87 220 234.7 3955 3703 831.2 1201.5 1.96
30 44.7 274.0 243.0 920.7 172.7 9.46 230 2447 399.1 374.2 827.8 1202.0 1.88
32 46.7 276.7 245.9 927.6 11735 9.08 240 254.7 4027 378.0 824.5 1202.5 1.81
34 48.7 279.4 2485 925.8 1174.3 8.73 250 264.7 406.1 381.7 821.2 1202.9 1.74
36 50.7 281.9 251.1 924.0 1175.1 8.40 260 2747 409.3 385.3 817.9 1203.2 1.68
38 52.7 284.4 263.7 9221 11758 811 270 284.7 412.5 388.8 814.8 1203.6 1.62
40 54.7 286.7 256.1 920.4 1176.5 7.83 280 294.7 415.8 392.3 811.6 1203.9 1.57
42 56.7 289.0 258.5 918.6 1177.1 7.67 290 304.7 418.8 395.7 808.5 1204.2 1.52
44 58.7 291.3 260.8 917.0 177.8 7.33 300 347 421-; 395-9 805.5 gg:—; 1-:';
46 60.7 2035 263.0 915.4 1178.4 7.10 310 324.7 424. 02.1 802.6 : -
43 627 2056 2652 9138 179.0 689 320 3347 4275 405.2 799.7 1204.9 1.39
330 3447 4303 4083 796.7 1205.0 1.35
50 64.7 207.7 267.4 912.2 1179.6 6.68
340 3547 433.0 4113 793.8 1205.1 1.31
o iy ikl 265 201 LI B 350 364.7 4367 414.3 791.0 1205.3 1.27
] 68.7 3017 2715 g0a.2 1180.7 R 360 374.7 4383 417.2 788.2 1205.4 124
56 0, L i) BO7E S il 370 384.7 4408 4200 785.4 1205.4 1.21
58 727 305.5 275.3 906.5 1181.8 6.00 380 394.7 4433 4228 782.7 1205.5 1.18
80 74.7 307.4 2771 905.3 1182.4 5.84 390 4047 4457 4256 7799 1205.5 115
62 76.7 309.2 279.0 904.0 1183.0 5.70 400 4147 448.1 428.2 777.4 1205.6 142
64 787 3109 280.9 902.6 1183.5 5.56 420 4347 452.8 433.4 772.2 1205.6 1.07
66 80.7 312.7 282.8 901.2 1184.0 5.43 440 4547 457.3 4385 767.1 1205.6 1.02
68 82.7 314.3 284.5 900.0 1184.5 5.31
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o Supply Piping Design Considerations

1. Size pipe according to Chapter 22 of the 2009 ASHRAE Hand-
book—Fundamenials, taking into consideration pressure drop
and steam velocity.

2. Pitch piping uniformly down in the direction of steam flow at
2 mm per metre. If piping cannot be pitched down in the direc-
tion of the steam flow, refer to Chapter 22 of the 2009 45SHRAE
Handbool—Fundamentals for rules on pipe sizing and pitch.

3. Insulate piping well to avoid unnecessary heat loss (see Chapters
25 and 26 of the 2009 ASHRAE Handbook—Fundamentals).

4. Condensate from unavoidable heat loss in the distribution sys-
tem must be removed promptly to eliminate water hammer and
degradation of steam quality and heat transfer capability.
Install drip legs at all low points and natural drainage points in
the system, such as at the ends of mains and the bottoms of ris-
ers, and ahead of pressure regulators, control valves, isolation
valves, pipe bends, and expansion joints. On straight horizontal
runs with no natural drainage points, space drip legs at intervals
not exceeding 90 m when the pipe is pitched down in the direc-
tion of the steam flow and at a maximum of 45 m when the pipe
is pitched up, so that condensate flow is opposite of steam flow.
These distances apply to systems where valves are opened
manually to remove air and excess condensate that forms dur-
ing warm-up conditions. Reduce these distances by about half
in systems that are warmed up automatically.

5. Where horizontal piping must be reduced in size, use eccentric
reducers that allow continuing a uniform pitch along the bottom
of piping (in downward-pitched systems). Avoid concentric



reducers on horizontal piping, because they can cause water
hammer.

. Take off all branch lines from the top of the steam mains, pref-

erably at a 45° angle, although wvertical $0° connections are
acceptable.

. Where the length of a branch takeoff is less than 3 m, the

branch line can be pitched back 4 mm per metre, providing drip
legs as described previously in item 4.

. Size drip legs properly to separate and collect the condensate.

Drip lees at vertical risers should be full-size and extend
beyond the riser, as shown in Figure 4. Drip legs at other loca-
tions should be the same diameter as the main. In steam mains
150 mm and over, this can be reduced to half the diameter of
the main, but to no less than 100 mm. Where warm-up is super-
vised, the length of the collecting leg is not critical. However,
the recommended length is 1.5 times the pipe diameter and not
less than 200 mm. For automatic warm-up, collecting legs
should always be the same size as the main and should be at
least 710 mm long to provide the hydraunlic pressure differential
necessary for the trap to discharge before a positive pressure is
built up in the steam main.

. Condensate should flow by gravity from the trap to the return

piping system. Where the steam trap is located below the retum
line, the condensate must be lifted. In some situations when
pressure is always adequate, the trap discharge can be piped
directly to the return system (Figure 5). However, back pres-
sure at the trap discharge {return line pressure plus hydraulic
pressure created by height of lift) must not exceed steam main
pressure, and the trap must be sized after considering back

oy



10.

pressure. A collecting leg must be used and the trap discharee
must flow by eravity to a vented condensate receiver, from
which it is pumped to the overhead return in systems (1) where
the temperature is regulated by modulating the steam control
valves, or (2) where the back pressure at the trap is close to sys-
tem pressure. An example of a system requiring a pump fol-
lows, The steam system pressure is 207 kPa {gage). The
pressure in the condensate return line is 172 kPa {gage) and the
condensate return line is elevated 3 m above the trap discharge
pipe. To determine the pressure to lift the condensate, the
height (in metres ) is multiplied by 22.64. Adding the conden-
sate return line pressure [ 172 kPa {gage}] and the back pressure
created from the height of lift [68 kPa {gage)}]. the total back
pressure is 240 kPa {gage), which i1s ereater than the steam sys-
temn pressure and therefore requires a pump to lift the conden-
sate to the overhead return.

strainers installed before the pressure-reducing and control
valves are a natural water collection point. Because water car-
ryover can erode the valve seat, install a trap at the strainer
blowdown connection (Figure 6).

oA
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Terminal Equipment Piping Design Considerations

1. size piping the same as the supply and return connections of the
terminal equipment.

2. Keep equipment and piping accessible for inspection and main-
tenance of the steam traps and control valves.

3. Minimize strain caused by expansion and contraction with pipe
bends, loops, or three elbow swings to take advantage of piping
flexibility, or with expansion joints or tflexible pipe connectors.

4. In multiple-coil applications, separately trap each coil for proper
drainage (Figure 7). Piping two or more coils to a common
header served by a single trap can caunse condensate back-up,
improper heat transfer, and imadequate temperature control.

5. 'Terminal equipment, where temperature 15 regulated by a mod-
ulating steam control valve, requires special consideration.

Eefer to the section on Condensate Removal from Temperature-
Eegulated Equipment.



Return Piping Design Considerations

1.

Flow in the return line is two-phase, consisting of steam and con-
densate. See Chapter 22 of the 2009 ASHRAE Hasdbook—Fun-
damentals for sizing considerations.

Pitch return lines downward in the direction of the condensate
flow at 4 mm per metre to ensure prompt condensate removal.

. Insulate the return line well, especially where the condensate is

returned to the boiler or the condensate enthalpy is recovered. In
vacuum systems, the return lines are not insulated since conden-
sate subcooling is required.

Where possible and practical, use heat recovery systems to re-
cover the condensate enthalpy. See the section on Heat Recovery.

. Equip dirt pockets of the drip legs and strainer blowdowns with

valves to remove dirt and scale.

Install steam traps close to drip legs and make them accessible
for inspection and repair. Servicing is simplified by making the
pipe sizes and configuration identical for a given type and size of
trap. The piping arrangement in Figure 8 facilitates inspection
and maintenance of steam traps.

When elevating condensate to an overhead return, consider the
pressure at the trap inlet and the fact that it requires approxi-
mately 10 kPa to elevate condensate 1 m. See item @ in the sec-
tion on Supply Piping Design Considerations for a complete
discussion.



CONDENSATE REMOVAL FROM
TEMPERATURE-REGULATED EQUIPMENT

When air, water, or another product is heated, the temperature or
heat transfer rate can be regulated by a modulating steam pressure
control valve. Because pressure and temperature do not vary at the
same rate as load, the steam trap capacity, which is determined by
the pressure differential between the trap inlet and outlet, may be
adequate at full load, but not at some lesser load.

Analysis shows that steam pressure must be reduced dramati-
cally to achieve a slight lowering of temperature. In most applica-
tions, this can result in subatmospheric pressure in the coil, while as
much as 75% of the full condensate load has to be handled by the
steam trap. This is especially important for coils exposed to outside
air, becanse subatmaospheric conditions can occur in the coil at out-
side temperatures below 0°C, and the coil will freeze if the conden-
sate is not removed.

Armers {1985) provides detailed methods for determining con-
densate load under various operating conditions. However, in most
cases, this load need not be calculated if the coils are piped as shown
in Figure 2 and this procedure is followed:

1. Place the steam trap 300 to 900 mm below the bottom of the
steam coil to provide a pressure of approximately 3.5 to 10.3 kPa

R



(gaoe). Locating the trap at less than 300 mm usually results in
improper drainage and operating difficulties.

. Install vacuum breakers between the coil and trap inlet to ensure

that the pressure can drain the coil when it is atmospheric or sub-
atmospheric. The vacuum breaker should respond to a differen-
tial pressure of no greater than 750 Pa. For atmospheric returns,
the vacuum breaker should be opened to the atmosphere, and the
return system must be designed to ensure no pressurization of
the return line. In vacuum return systems, the vacuum breaker
should be piped to the return line.

. Discharge from the trap must flow by eravity, without any lifis in

the piping, to the return system, which must be vented properly
to the atmosphere to eliminate any back pressure that could pre-
vent the trap from draining the coil. Where the return main is
overhead, the trap discharee should flow by gravity to a vented
receiver, from which it is then pumped to the overhead retum.

. Design traps to operate at maximum pressure at the control valve

inlet and size them to handle the full condensate load at a pres-
sure differential equal to the hydraulic pressure between the trap
and coil. The actual condensate load can vary from the theoreti-
cal design load because of the safety factors used in coil selec-
tion and the fact that condensate does not always form at a
uniform steady rate; therefore, size steam traps according to the
following:
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For an actual steam pressure p; in the coil at full condensate
load w, the proportion X of full load needing atmospheric pres-
sure at the coil is

1002,
{1

) -

X:

(2)

wihere

t. = control termperatire, "C

t, = gteam temperature at pg, "C

Then, the steam trap must be sized both to pass the full load w
at a differential pressure equal to p and to pass X -w (the pro-
portion of full load) at 3.5 kPa.

5. Toreduce the possibility of a steam coil freezing, the temperature-
regulating valve is often left wide open, and the leaving air tem-
perature is controlled by a face-and-bypass damper on the steam
coil.

6. For air temperatures below freezing, traps selected for draining
steam coils should fail open (e.g., bucket traps) or two traps in
parallel should be used.
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Table 13 Pressure Drops Used for Sizing Steam Pipe?

Initial Steam Pressure Drop, Total Pressure Drop in
Pressure, kPa" Pa/m Steam Supply Piping, kPa
Yacuuam return 20to &0 Tto 14
101 7 0.4
108 30 O4t0 17
115 30 3.5
135 &0 10
170 115 20
205 225 30
310 450 25 to
445 450to 1100 TOto 105
7490 450t0 1100 105 to 170
1140 450 10 2300 17010 210

2Equipment, control walves, and zo forth must be selected bazed on dalivered prezmires
"Subtract 101 to convert to pressure above atmospheric,



STEAM PIPING

Pressure losses in steam piping for flows of dry or nearly dry
steam are governed by|Equations (1) through| (7} in the section on
Pressure Drop Equations. This section incorporates these principles
with other information specific to steam systems.

Pipe Sizes
Required pipe sizes for a given load in steamn heating depend on
the following factors:

* The initial pressure and the total pressure drop that can be allowed
between the source of supply and the end of the return system

* The maximum velocity of steam allowable for quiet and
dependable operation of the system, taking into consideration the
direction of condensate flow

* Theequivalent length of the run from the boiler or source of steamn
supply to the farthest heating unit

Initial Pressure and Pressure Drop. Table 13| lists pressure
drops commonly used with corresponding initial steam pressures
for sizing steam piping.

Several factors, such as initial pressure and pressure required at
the end of the line, should be considered, but it is most important
that (1) the total pressure drop does not exceed the initial gage pres-

"



Pipe Sizing 35.11

Table 14 Comparative Capacity of Steam Lines at Various Pitches for Steam and Comdensate Flowing in Opposite Directions

Nominal Pipe Diameter, mm

Pitch of 20 25 32 40 30
Pipe, Maximum Maximum Maximum Maximum Maximum
mm/m Capacity  Velocity Capacity  Velocity Capacity  Velocity Capacity  Velocity Capacity  Velocity
20 0.4 24 0.9 27 L5 34 2.5 37 54 4.6
40 0.5 i4 1.1 37 2 43 33 4.9 6.8 55
&0 0.7 4.0 1.5 4.6 25 5.2 4.2 58 8.7 7.3
120 0.8 4.3 1.6 52 31 6.1 4.7 6.7 10.5 8.2
170 0.9 49 1.9 S8 i4 &7 5.3 73 117 8.1
2510 1.0 52 2.2 &7 39 ) o8 7.9 125 9.8
350 1.2 6.7 2.4 73 4.2 79 6.4 8.5 129 9.8
420 1.3 6.7 2.6 7.6 4.9 9.4 7.5 101 14.5 10.1
Source: Laschober et al, (1966), Capacity I giz; walooity in mis.
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sure of the system (and in practice it should never exceed one-half
the initial gage pressure); (2) the pressure drop is not great enough
to cause excessive velocities; (3) a constant initial pressure is main-
tained, except on systems specially designed for varying initial
pressures {(e.g., subatmospheric pressure), which normally operate
under controlled partial vacuums; and (4) for gravity return sys-
tems, the pressure drop to the heating units does not exceed the
water column available for removing condensate (i.e., the height
above the boiler water line of the lowest point on the steam main, on
the heating units, or on the dry return).

Maximum Velocity. For quiet operation, steam velocity should
be 40 to 60 m/s, with a maximum of 75 mv/s. The lower the veloc-
ity, the quieter the systern. When the condensate must flow against
the steam, even in limited quantity, the velocity of the steam must
not exceed limits above which the disturbance between the steam
and the counterflowing water may (1) produce objectionable
sound, such as water hammer, or (2) result in the retention of water
in certain parts of the system until the steam flow is reduced suffi-
ciently to permit the water to pass. The velocity at which these dis-

TA



3 Table 15 Equivalent Length of Fittings to Be Added

to Pipe Run
Nominal Length to Be Added to Run,m
Pipe Side
Diameter, Standard Outside Gate Globe Angle

mim Elbow Tee” Valve? Valve? Valve?
15 0.4 0.9 0.1 4 2
20 0.5 1.2 0.1 5] 3
25 0.7 1.5 0.1 7 4
32 0.9 1.8 0.2 9 5
40 1.1 2.1 0.2 10 &
S0 1.3 2.4 0.3 14 7
Go 1.5 3.4 0.3 15 8
80 1.9 4.0 0.4 20 10

100 2.7 5.5 0.6 28 14

125 3.3 6.7 07 34 17

150 4.0 8.2 0.9 41 20

200 5.2 11 1.1 25 28

250 .4 14 14 70 34

200 8.2 16 1.7 82 40

350 9.1 19 1.9 94 46

2VWalve in full-cpen position,
"Values apply only to a tes usad to divert the flow in the main to the last riser.



turbances take place is a function of (1) pipe size; (2) the pitch of
the pipe if it runs horizontally; (3) the quantity of condensate flow-
ing against the steam; and (4) the freedom of the piping from water
pockets that, under certain conditions, act as a restriction in pipe
size. | Table 14|lists maximum capacities for various size steam
lines.

Equivalent Length of Run. All tables for the flow of steam in
pipes based on pressure drop must allow for pipe friction, as well as
for the resistance of fittings and valves. These resistances are gen-
erally stated in terms of straight pipe; that is, a certain fitting pro-
duces a drop in pressure equivalent to the stated number of feet of
straight run of the same size of pipe.| Table 15|gives the number of
feet of straight pipe usually allowed for the more common types of
fittings and valves. In all pipe sizing tables in this chapter, the leng#h
af run refers to the equivalent length of run as distinguished from
the actual length of pipe. A common sizing method is to assume the
length of run and to check this assumption after pipes are sized. For

this purpose, the length of run is usually assumed to be double the
actual length of pipe.




Sizing Charts

Figure 10|is the basic chart for determining the flow rate and
velocity of steam in Schedule 40 pipe for various values of pressure
drop per unit length, based on saturated steam at standard pressure
(101.325 kPa). Using the multiplier chart|{Figure 11} Figure 10 ran
be used at all saturation pressures between 101 and 1500 kPa (see
Example 10).

LOW-PRESSURE STEAM PIPING

Values in| Table 16|(taken from|Figure 10 provide a more rapid
means of selecting pipe sizes for the various pressure drops listed
and for systems operated at 25 and 85 kPa (gage). The flow rates
shown for 25 kPa can be used for saturated pressures from 7 to 41
kPa, and those shown for 85 kPa can be used for saturated pressures
from 55 to 110 kPa with an error not exceeding 8%.
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Both|Figure 10|and| Table 16{can be used where the flow of con-
densate does not inhibit the flow of steam. Colurmns B and C of
Table 17|are used in cases where steam and condensate flow in
opposite directions, as in risers or runouts that are not dripped.
Colurmns D, E, and F are for one-pipe systems and include risers,
radiator valves and vertical connections, and radiator and riser
runout sizes, all of which are based on the critical velocity of the
steam to permit the counterflow of condensate without noise.

Return piping can be sized using| Table 18, in which pipe capac-
ities for wet, dry, and vacuum return lines are shown for several val-
ues of pressure drop per metre of equivalent length.

\Al
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forobtaining ow rates and velocities of al safuration pressures between 0 and 200 psig: see also

Fxamples 9

Fig. 10 Flow Rate and Velocity of Steam in Schedule 40 Pipe at Saturation Pressure of 0 psig
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Example 2. What pressure drop should be uged for the steam piping of a
system if the measured length of the longest ran iz 150 m, and the ini-
tial pressure must not exceed 14 kPa above atmospheric?

solution: It iz assumed, if the measured length of the longest run is
150 m, that when the allowance for fittingg is added, the equivalent
length of run does not exceed 300 m. Then, with the pressure drop not
over one-half of the initial pressure, the drop could be 7 kPa or less.
With a pressure drop of ¥ kPa and a length of run of 300 m, the drop
would be 23 Pa/m; if the total drop were 3.5 kFa, the drop would be 12
Fa/m. In both cages, the pipe could be sized for a desired capacity
according to|Fleare 10,

On completion of the sizing, the drop could be checked by taking
the longest line and actually calculating the equivalent length of run
from the pipe sizes determined. If the calculated drop i less than that
azsumed, the plpe zize iz adequate; if it iz more, an umisnal number of
fittings is probably involved, and either the lines must be straightened,
or the next larger pipe size must be tried.
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Table 16 Flow Rate of Steam in Schedule 40 Pipe

Pressure Drop, Pafm

Nominal
Pipe 14 Pafm 28 Pa/m 38 Pa/m 113 Pa/m 170 Pafm 225 Pa/m 450 Pafm
Size,  Sat. Press., kPa Sat. Press., kPa Sat. Press., kPa Sat. Press., kPa Sat. Press., kPa Sat. Press. . kPa Sat. Press., kPa
mm 25 85 23 83 23 85 25 85 25 83 25 85 23 83
20 1.1 14 1.3 2.0 2.5 3.0 37 4.4 4.5 54 5.3 6.3 76 9.2
25 2.1 2.6 3.3 19 4.7 5.8 5.8 8.3 8.5 10 10 12 14 17
32 4.5 57 &7 8.2 bg 12 14 17 18 21 20 25 29 35
40 7.1 8.8 11 13 15 19 22 26 27 33 31 38 45 54
50 14 17 20 24 29 36 42 52 53 64 &0 T4 g9 107
&5 22 27 33 19 48 S8 58 83 g5 103 9y 120 145 1732
30 40 48 a9 59 83 102 121 146 150 180 174 210 246 302
90 Nl 59 84 101 125 153 178 214 219 265 252 305 372 435
100 g1 101 120 146 178 213 249 202 309 378 363 436 520 517
125 151 180 212 265 307 378 450 538 552 662 643 TE9 945 1 080
150 242 290 355 422 449 511 718 857 BE2 10RO 1060 1280 1500 1790
200 491 505 702 882 1020 1260 1440 1800 1830 2230 2080 2580 3020 3720

250 907 1110 1290 1590 1890 2280 2650 3280 3300 4030 3780 4660 5380 6550
300 1440 1730 2080 24060 2950 3580 4160 5040 5170 6240 6050 7250 g540 10200

MNeates: 2. The flow rates at 25 kFa cover zaturated pressure from 7 to 41 kFa, and the rates at
1. Flosm ratz iz in gfs at initial saturation pressuraz of 23 and 85 kPa (gag=), Flow iz 835 kPa cover zaturated pressure from 55 to 11 0k Pa with an emmor not exceading 8%,
based on Moody friction faster, where the flow of condenzate does net inhibit 3. The steam velocities comresponding to the flow rates given in this table can be found

the flow of steam, from d
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S o Capacity, g/s

G;% g Two-Pipe System One-Pipe Systems

2 e | oo

E'E 0 Nominal C':'Fllldﬂ.mate Radiator

E —| = Pipe Agai ﬂ?ﬂé’::g Supply  Valvesand Radiator
Ao I Size, Sainst steam Risers  Vertical and Riser
g ﬂ‘ = mim Vertical Horizontal Upfeed Comnections Runouts
2 A Ba ch De E F

gl jlle

E‘Iﬂ_g 20 1.0 0.9 0.8 — 0.9
ﬁ'%ﬁ 25 18 18 14 0.9 0.9
A8 L 32 3.9 3.4 2.5 2.0 2.0
=k I_:"" =]

S 40 6.0 5.3 4.8 2.9 2.0
o 500 12 11 9.1 5.3 2.9
P -—n

= I €5 20 17 14 — 5.3

- B 80 36 25 25 — 8.2
s B 90 49 36 36 — 15
SR 100 54 54 48 — 23
5w 125 132 99 — — 35
5
: g 150 227 176 — — 69
a % 200 472 378 — — _
= @ 250 882 718 — — —
55 300 450 1200 _ _ _
5 = 400 2770 2390 — — —
2] “ﬂ.i. Nates:
= % 1. For one- or two-pipe systems in which condenzate flows against the steam flow:

2. Stearn at average pressure of Tk Pa (gage) iz used as a baziz of caleulating capacities,
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ol Example 10. Given a flow rate of U.85 kzfs, an initial steam pressure of
200 kFa, and a pressure drop of 2.5 kFa/m, find the size of Schedule 40

pipe required and the velocity of steam in the pipe.

Solution: The following steps are illustrated by the broken line on|Fig-

res 10and |11,

L.

2.

Enter| Figiwre 10(at a flow rate of 0.85 kofs, and move vertically to
the horizontal line at 800 kPa.

Hollow along inclined mmltiplier line {upward and to the left) to
horizontal 101 kFa line. The equivalent mass flow at 101 kFa is
about .30 kofs.

Follow the 0.20 kg's line vertically until it intersects the horizontal
line at 2500 Pa‘m pressure drop. Nominal pipe size is 60 mm. The
equivalent steam velocity at 101 kFa is about 165 mfs.

To find the steam velocity at 800 kPa, locate the value of 165 mfs on
the ordinate of the velocity multiplier chart [Figre 117 at 101 kPa.
Move along the inclined multiplier line (downward and to the right)
until it interzects the vertical 300 kP'a presaure line. The welocity iz
about &5 m/s.

MNote: steps 1 through 5 would be rearranged or reversed if different

data were given,
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STEAM CONDENSATE SYSTEMS

The majority of steam systems used in heating applications are
two-pipe systems, in which the two pipes are the “steam™ pipe and
the “condensate™ pipe. This discussion is limited to the sizing of the
condensate lines in two-pipe systems.

Two-Pipe Systems

When steam is used for heating a liquid to 102°C or less (e.g.,
in domestic water heat exchangers, domestic heating water con-
verters, or air-heating coils), the devices are usually provided with
a steam control valve. As the control valve throttles, the absolute

A



Table 18 Return Main and Riser Capacities for Low-Pressure Systems, g/s

Pipe 7 Pafm 9 Pafm 14 Pa/m 28 Pa/m 57 Pafm 113 Pa‘m
Size,
mm Wet Dry Vac. Wet Dry Vac. Wet Dry  Vac. Wet Dry  Vac. Wet Dry Vac. Wet Dry Vac.
G H I J K L M N O P Q R s T u ¥ w X Y
20 — — - — — 5 — — 13 — — 13 — — 25 — — 36
25 14 5 — 15 b 1% 22 10 22 32 13 31 44 14 44 — — 62
32 27 g — 31 19 21 3B 21 5 54 27 54 T8 30 Té — — 1w
. 40 43 26 — 50 20 40 &0 23 &0 35 43 B85 120 48 120 — — 149
E 50 B2 S — 102 67 103 126 T2 126 178 u3 174 252 lod 252 —  — 357
E £5 144 b — 195 109 171 212 120 212 2096 155 300 422 171 422 — — 598
E B0 237 134 — 268 197 275 338 221 338 473 284 479 674 315 674 — — b33
a0 347 248 — 416 277 410 504 315 504 653 407 TI1é 1010 451 1010 —  — 1424
100 485 3268 — STT 422 547 653 473 AL3 977 A0 934 1350 678 1350 — — 1933
125 — —_ — — — ba3 — — 1220 — — 1730 — — 2440 —  — 3440
150 — —  — — — 1580 — — IR0 — — 2770 — — 3910 — — 5519
20 — 6 — — & 15 — & 22 — & 31 — & 44 — — 62
25 — 14 — — 14 31 — 14 38 — 14 54 — 14 T — — 1w
32 — 3l — — 21 40 — 21 &0 — 31 B85 — 31 120 — — lab
40 — 47 — — 47 103 — 47 126 — 47 179 — 47 252 —  — 357
by 50 — By — — By 171 — By 212 — B> 300 — s 422 — — 59
B o — 275 — 338  —  — 41 — M4 — — 9
B0 — —_ - — — 410 — — 504 — — 716 — — 1010 —  — 1424
Q0 — —_ - — — 564 — — 693 — — b4 — — 1380 — — 1933
100 — —_ — — — ba3 — — 1220 — — 1730 — — 2440 —  — 3440
125 — —  — — — 1580 — — IR0 — — 2772 — — 3910 — — 5519
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Table 19 Vented Dry Condensate Return for Gravity Flow
Based on Manmng Equation

Condensate Flow, g/s"

EJEIIE:;::; Condensate Line Slope
TN 0.5% 1% 2% 4 ¥
13 2 7 10 13
20 10 14 20 24
23 14 27 34 54
32 4] a7 50 113
40 &) B 121 171
a0 117 1 66 235 332
£S5 154 267 2T 534
2l 337 476 a7 4 W3
100 595 LE2 1340 1970
125 1270 1 800 2540 35590
150 20770 24930 4150 S840

Flow izin gie of 82°C water for Scheduls 40 stee] pipaz.
" Fow was caleulated from Equation (123 jand rourndsd.




With this design, the only motivation for flow in the return sys-
tem iz gravity, Remarn linss that are below the liquid level in the
downstream recelver or boiler and are thus filled with liquid are
called wet returns; those above the liquid level have both lignid and
zas in the pipes and are called dry returne.

The dry return lines ina yented retum system have flowing liguid
in the bottom of the line and gas or vapor in the top [(Flgare 124)
The lignid is the condensate, and the gas may be steam, air, or a mix-
ture of the two. The flow phenomenon forthese dry retum systems
iz open channel flow, which is best described by the Manning
equation:

/3, 172
LOOAF "~
2 = (12)

o

Where

¢ = volumetric flow rate, m/fs

A = cross-zectional area of conduit, m®

¥ = hydraulic radiuz of conduit, m

# = coefficient of roughness (umally 0.012)
5 = zlope of conduit, min

AT



Table 149 is a solution to|Equation (12)|that shows pipe sizs
capacities for stsel pipes with varlous pitches. Recommendsd
practice is to size vertical lines by the maximum pitch shown,
although they would actually have a capacity far in excess of that
shown. As the pitch increases, hydranlic jump that conld fill the
pipe and other transient effects that could cause water hammer
should be avoided. Flow wvalues in|Table 19|are calenlated for
schedule 40 steel pipe, with a factor of safsty of 3.0, and can be
used for copper pipes of the same nominal pipe size.

The flow characteristics of wet return lines|(Fioure 12B) are
best described by the Darcy-Weisbach equation [Equation (1)]. The
motivation for flow is the fluid pressure difference between ths
entering ssction of the flooded line and the leaving section. It is
common practice, in addition to providing for the flnid pressure dif-
ferential, to slope the return in the direction of flow to a collection
polnt such as adirtlegin orderto clearthe line of sediment or sclids.

Table 20|is a solution to|Equation (1)|that shows pipe size capacity

for steel pipes with various available fluid pressures.|Table 20 can
also be used for coppertubing of equal nominal pipe size.
Nonvented {Closed) Retum Systems. For those systems in
which thers iz a continual steam pressure difference between the
point whers the condensate enters the line and the point where it
leayes|{Figure 1200 Table 18 or|Tabls 21, as applicable, can beused
for sizing the condensate lines, Although theess tables express con-
densate capacity without slops, commeon practice iz to slope ths

AY
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Table 20 Vented Wet Condensate Retum for Gravity Flow Based on Darcy-Weisbach Equation
Condensate Flow, gis®*

E;I::;‘er} Condensate Pressure, Pafm
mm S0 100 150 200 250 300 350 400
15 13 1% 24 28 32 35 38 4]
20 28 41 31 &0 s 74 5l 57
25 54 E YE 114 12% 142 154 165
32 114 ) 204 238 267 294 315 34]
40 172 248 308 358 402 443 474 213
50 334 482 597 654 TTY 857 L28 954
a5 536 T3 B56 1110 1250 1370 1 480 1550
80 054 1370 1700 1 570 2210 2430 2 630 2810
100 1 &0 2810 2470 4030 4520 4 540 2370 5750
125 3560 2100 6250 7280 5180 B G50 b0 10400
150 270 B270 10200 11 500 13200 14 500 15700 16800

*Howizin g=of 82°C watsr for Schednls 40 steel pipes.
" Flow was calenlatad fro and roundad.

AA



Tabhle 21 Flow Rate for Dry-Closed Returns

Supply Pressure = 35 kPa
Return Fressure = 0 kPa

Supply Pressure = 100 kPa
Return Pressure = 0 kPa

Supply Pressure = 210 kPa
Return Pressure = 0 kPa

Supply Pressure = 340 kPa
Return Pressure = 0 kPa

Dlzﬁ'}, Ap/L, Pa/m
mm 15 &0 240 15 &0 240 15 G0 240 15 &0 240
Flow Rate, g%
15 30 R 133 12 2B = 3 15 35 5 12 25
20 (= 141 302 2R 57 120 15 35 74 11 25 53
25 126 271 T2 S0 108 229 32 &7 141 23 43 101
32 2R SRT 1200 106 227 473 (o) 140 285 47 101 212
40 399 254 1730 160 343 718 938 210 442 71 151 318
S0 186 1 R0 a 315 BT a 194 412 a 140 296 a
(%) 1 260 2B80 a S08 1070 a 312 bR a 224 476 a
a0 2270 4790 a Q07 1320 a 559 1180 a o 248 a
100 4 {0 9830 a 12880 3340 a 1 160 2 420 a 233 1740 a
130 13 900 a a 3580 a a 3 440 a a 2470 a a
200 28 200 a a 11 800 a a 7110 a a 3 100 a a
Supply Fressure = 690 kPa Supply Pressure = 1030 kPa Supply Pressure = ) kFPa Supply Pressure = 1030 kPa
) Return Pressure = 0 kPa Return Pressure = 0 kPa Return Pressure = 100 kPa Eeturn Pressure = 100 kPa
DE;I_]E’ Apil, Paim
mm 15 &0 240 15 &0 240 15 G0 240 15 &0 240
Flow Rate, g%
15 3 17 3 & 14 7 15 33 5 12 25
20 g 17 37 & 14 23 15 33 71 12 25 53
25 1s 33 [ 13 2R 57 30 B3 134 23 43 101
32 32 (2% 142 25 55 117 (%] 134 277 43 101 212
40 48 102 214 33 23 176 a5 202 418 T2 152 315
S0 95 200 a 7 164 a 185 391 213 141 296 B17
(%) 151 321 a 123 2R5 a 299 B30 1300 227 476 Q83
a0 272 73 a 222 457 a 533 1120 a 03 245 a
100 SR2 1120 a 453 961 a 1100 2280 a 234 1740 a
150 1 560 a a 13650 a a 3260 G 750 a 2470 5120 a
200 3 450 a a 2820 a a B T30 13900 a 5100 10 500 a

*For these dizesand pe=ue losses, the yelocityizaboge 35 mis. Selectarother cornbiration of size and prezsure loss.



¥ = lines in the direction of flow to a collection point similar to wet
returns to clear the lines of sediment or solids.

When saturated condensate at pressures above the return system
pressure enters the return (condensate) mains, some of the liquid
flashes to steam. This occurs typically at drip traps into a vented
return system or at load traps leaving process load devices that are
not valve-controlled and typically have no subcooling. If the retumn
main is vented, the vent lines will relieve any excessive pressure and
prevent a back pressure phenomenon that could restrict the flow
through traps from wvalved loads; the pipe sizing would be as

described above for vented dry retums. If the return line is not
vented, the flash steam results in a pressure rise at that point and the
piping could be sized as described above for closed returns, and in
accordance with Table 18|or|Table 21 as applicable.

The passage of the fluid through the steam trap is a throttling or
constant enthalpy process. The resulting fluid on the downstream
side of the trap can be a mixture of saturated liquid and vapor. Thus,
in nonvented returns, it is important to understand the condition of
the fluid when it enters the return line from the trap.
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by dish ey ( 30 psigl ) dawss jLid U—fdﬂw&huﬁ Y=10 Jyi>

Pounds Per Hour
PPE Si128 PRESSURE DROP PER 100 FT
(in.) % pol (2 0x) % pol (4 0x) % pol (8 ox) % pol (12 02) 1 pol (16 03) 2 psl (32 ox)

SUPPLY MAINS AND RISERS 8-3’,‘!.-“0:“.%
¥% 5 n k]| k] ] 45 6
1 3 46 63 77 8" 125
% 69 100 14 172 199 281
% 107 154 219 267 309 437
2 277 313 ddd4 543 627 884
2% 358 516 73 924 1,033 1,460
3 651 940 13% 1428 1,880 2,660
% 79 1414 2,000 2447 2825 4,000
4 1386 - 2,000 28% 3464 4,000 5,660
] 2,560 3,642 5,225 6402 7390 10,460
6 4210 6,030 8,590 10,240 12,140 17,180
[ ] 875% 12,640 17860 21865 25,25 35,100
10 16,250 23450 33,200 40,625 46,900 66,350
n 25,640 36,930 52320 64,050 74,000 104,500

RETURN MAINS AND RISERS 0 - 4 psig - Max Return Pressure

% s 170 245 308 365

1 230 340 490 615 730

1% 485 710 1025 1,285 1,530

1% 7% 1,155 1470 2,100 2,500

2 1575 2355 3,400 4,300 5,050

2% 2,630 3,900 5,600 7,100 8,400

3 4850 7,100 10,250 12,850 15,300

% 7,200 10,550 15,250 19,150 2275

4 10,200 15,000 21,600 27,000 32,2%

5 19,000 2775 40,250 55,500 60,000

6 31,000 45,500 65,500 83,000 98,000

4
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CE b 1 Ak e (150 pSig ) gl (28wl s sla e B 1Y\ £ s

Pounds Per Hour
PIPE SIZE PRESSURE DROP PER 100 FT
(in.) Yopoi (201) | Y pui (4 02) | 35 pol (8 0x) | % psi (12 02) |1 psi (16 o) | 2 psi (32 01) 5 pui 10 psi
SUPPLY MAINS AND llSilS 130 - 180 psig—Max Error .%
Y 29 41 58 82 116 184 300 420
1 58 82 1" 165 23 349 550 790
% 130 185 262 370 523 827 1,230 1,720
1% 203 287 407 575 813 1,230 1,730 2,600
2 412 583 825 1,187 1,650 2,000 3410 4,820
2% 683 959 1,359 1,920 2430 3,300 5,200 7,600
3 1,237 1750 2476 3,500 4210 6,000 9400 13,500
3% 1,855 2,626 3715 5,250 4,020 8,500 13,100 20,000
4 2625 3718 5,260 7430 8,400 12,300 19,200 28,000
5 4858 6875 9725 13750 15,000 21,200 33,100 47,500
é 7,960 11,275 15,950 22,550 25,200 36,500 56,500 80,000
8 16,590 23475 33,200 46,950 50,000 70,200 120,000 170,000
10 30,820 43,430 61,700 77,250 90,000 130,000 210,000 300,000
12 48,600 68,750 97,250 123,000 155,000 200,000 320,000 470,000
RETURN MAINS AND RISERS 1 = 20 psig - Max Return Pressure
Y 156 232 360 465 560 890 J

) 313 462 490 910 1,120 1,780

1% 650 960 1,500 1,950 2,330 3700

1% 1,070 1,580 2480 3,160 3,800 6,100

2 2,160 3,300 4,950 6,400 7700 12,300

2% 3,600 5350 8,200 10,700 12,800 20,400

3 6,500 9,600 15,000 19,500 23,300 37,200

3% 9,600 14,400 22,300 28,700 34,500 55,000

4 13,700 20,500 31,600 40,500 49,200 78,500

5 25,600 38,100 58,500 76,000 91,500 146,000

[ 42,000 62,500 96,000 125,000 150,000 238,000




", DESIGN OF LOW PRESSURE STEAM PIPING

1. LAY OUT PIPING - LAY GUT PIPING TO CONNECT TO ALL STEAM HEATING UNITS. DETE RMINE
THE AMOURT OF GRADE AVAILABLE IN THE PIPING SYSTEM.

2. DETERMINE THE FLOW RATES -~ DETERMINE THE FLOY RATES. IN ALL SECTIONS OF THE SYSTEM.
THIS CAN BE DONE AFTER ALL FLOW RATES TO ALL UNITS IN THE SYSTEM HAYE BEEN SE LECTE®D.
DETERMINE THE FLOW RATES IF UNKNO¥N 8Y THE FOLLOWING FORMULA:

L8S. OF STEAM PER HOUR = BTU/HR - LATENT HEAT OF EYAPORATION

TO DETERMINE THE LATENT HEAT OF EVAPORATION, CONSULT THE STEAM TABLES OR USE
970.3 BTU/LR FOR THE LOW PRESSURE STEAM,

3. STUDY THE PIPE CIRCUITING ARRANGEMENT - STUDY THE PIPE CIRCUITING THAT HAS BEEN
MADE TO SEE IF THE PRESSURE DROP IN ALL SECTIONS AND CIRCUITS IS APPROXIMATELY THE
SAME. REARRANGE IF NECESSARY.

4. SIZE THE PIPE - SIZE THE PIPE, USING THE CHART BELOW, THE CHART IS BASED OM A FRIC-
TION DROP OF 1/4 PS1 PER 100 FEET, THE STEAM FLOWING [N THE SAME DIRECTION AS THE
CONDENSATE, AND A MINIMUM PITCH OF 1-INCH IN 40 FEET. IF IT IS DESIRED TO DESIGN THE
SYSTEM ON OTHER CONDITIONS, CONSULT THE ASHRAE GUIDE AND DATA BOOK.

qy



B 5. ESTABLISH THE SYSTEM PRESSURE DROP — THE SYSTEM STEAM PRESSURE DROP WILL BE THE

UNIT PRESSURE DROP TIMES THE TOTAL EQUIVALENT PIPE LENGTH. NORMALLY, THE LOW
PRESSURE STEAM. SYSTEM SHOULD BE DESIGNED TO MAINTAIN AT LEAST 1 PSIC AT THE MOST
REMOTE UMIT. GENERALLY, IN A LOW PRESSURE STEAM SYSTEM USING A BOILER WITH A
MAXIMUM STEAM PRESSURE RATING OF 15 PSIG, THE STEAM PRESSURE WITHIN THE BOILER IS

MAINTAINED AT 5 PSIG AND AN APPROXIMATE 3 PSIG PRESSURE LOSS IS DESIGNED IN THE
PIPING SYSTEM.

. PITCH — THE PITCH IN THE PIPING SHOULD NEVER BE LESS THAN 1-INCH IN 40 FEET. WHERE
I7 1S TMPOSSIBLE TO MEET THESE CONDITIONS IN A CONTINUOUS RUN DUE TO STRUCTURAL
COMDITIONS, INSTALL AN END OF THE MAIN DRIP AND RISE WITH THE STEAM PIPE TO A
HIGHER ELEYATION, THEREBY STARTING A NE¥ RUN.

. PRESSURE DROP IN THE STEAM MAIN AND THE RETURN MAIN -~ TO OBTAIN THE MOST SATIS-
FACTORY OPERATION, THE TOTAL PRESSURE DROP IN THE RETURN PIPING SYSTEM SHOULD

BE MADE APPROXIMATELY THE SAME AS THE TOTAL PRESSURE DROP IN THE STEAM SUPPLY
PIPING.

TRAPPING THE STEAM MAIN ~ THE CONDENSATE THAT FORMS IN THE STEAM MAIN ESPECIALLY
DURING COLD START-UF PERIODS MUST BE DRAINED AT FREQUENT INTERVALS BY THE USE
OF CONDENSATE DRAIN TRAPS, iF CONDENSATE 15 ALLOWED TO ACCUMULATE, THE AREA OF

THE PIPE WILL 8E EFFECTIVELY REDUCED, CAUSING STEAM YELOCITIES TO INCREASE TO THE
POINT WHEN WATER SLUGGING AND OBJECTIOMABLE NOISE WILL OCCUR. FOR BEST RESULTS,

THE MAIN SHOULD BE DRAINED EVERY 100 FEET.

q¢



9. FIPE MATERIAL — GENERALLY, USE STANDARD WEIGHT BLACK STEEL PIPE WITH BLACK CAST
IRON SCREWED FITTINGS. WHERE THE PIPE SIZE IS OVER 2- INCHES, IT IS COMMON PRACTICE 10
USE WELDED STEEL FITTINGS. WHERE WELDED PIPE 15 USED, THHEAIIDLEIS OR YELDOLETS
FOR BRANCHES SHOULD BE SPECIFIED. WHERE THE I‘IIESSIIHE IN THE FIPING WILL EXCEED
125 PSIG, USE EXTRA HEAYY PIPE.

10, AIR YENTING - IT 15 IMPORTANT TO PROVIDE ADEQUATE FACILITY IN THE SYSTEM TO YENT AlR,

11, PIPE SUPPORTS AND PIPE EXPANSION — CHECK TO SEE IF ADEQUATE PIPE SUPPORTS AND PRO-
VISIONS FOR EXPANSION HAVE BEEN PROVIDED IN ALL PIPE LINES. PROVIDE PIPE ANCHORS AS

REQUIRED WITH THE EXPANSION LOOPS, JOINTS, OR BENDS.

12, VALVES — GATE VALVES SHOULD BE INSTALLED IN THE SYSTEM AS REQUIRED TO ISOLATE
EQUIPMENT AND PIPING ZONES FOR SERVICE.

13. INSTALLATION OF PIPE — CARE MUST BE TAKEN DURING INSTALLATION TO PROPERLY REAM
THE ENDS OF THE FIPE TO PREVENT REDUCTION iN THE CROSS SECTIONAL AREA OF THE PIPE,

14, EQUIVALENT LENGTH - CARE MUST BE TAKEN IN THE COMPUTATION OF OYERALL PRESSURE
DROP TO ALLDW FOR FITTINGS. A QUANTITY TAKE-OFF OF ALL YALVES AND FITTINGS 15
MECESSARY TO ACCURATELY DETERMINE YHE EQUIVALENT LENGTH.[IF A NORMAL AMOUNT]

‘ OEEEIT“"GS ISINVOLVED, A RULE OF THUMB OF L3:TIMES THE MEASURED I.EI'I’G'I'!I MAY BE
USED. .




S
ALLOWABLE FLOW RATES

FOR LOW PRESSURE STEAM PIPING

STANDARD WEIGHT STEEL PIPE AND

1 PSIG| STEAM

PRESSURE DROP RANGE

PiPE SIZE FLOW RANGE
/2 0-9  LBS/HR 0 - 0.25 PSI/100 FT
3/4" 10-18 LBS/HR 0.07 - 0.25 PSI/100 FT
" 19-30 LBSHR 0.67 - 0.25 PSI/100 FT
1174 .60 LBS/HR 0.07 - 0.25 PSI/100 FT
1-1/2" £1-95 LBS/HR ~ 0.08 - 0.25 PSI/100 FT
2 96 - 200 LBS/HR 0.08 - 0.25 PSIN100 FT
21/2" 201 ~350 LBS/HR ' 0.10 - 0.25 PSI/100 FT
" 351 - 600 LBSMR 0.09 - 0.25 PSI/N0OFT
o 601 - 1200 LBS/HR 0.06 - 0.25 PSI/100 FT
5 1201 - 2400 LBS/HR 0.07 ~ 0.25 P$1/100 £ T

4 an
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1207 — 2400 LBS/HR

0.07 ~ 0.25 P$1/100 FT

2401 - 3600 LBS/MR

0.09  0.25 PSI/100 FT

3601 - 7600 LBS/HR

0.06 - 0.25 PSI/10 FT

7601 - 13,500 LBS/HR

0.07 - 0.25 P51/100 FT

13,500 — 23,500 L8S/HR

0.09 - 0.25 PSI/100 FT

1

21,501 - 29,000 LBS/HR

0.15 - 0.25 PSI/100 FY

18"

29,001 — 41,000 LBS/HR

0.15 - 0.25 PSI/100 FY

]nll

41,001 - 54,000 LE5S/HR

0.10 - 0.25 PSI/100 FT

L

54,001 - 71,000 LBS/HR

.10 - 0.25 PS4/100 FT

NOTE: THE ABOYE CAPACITIES ARE BASED ON A MAXIMUM PRESSURE DROP OF 0.25 PSI PER 100 FT AND
THE STEAM FLOWIRG IN THE SAME DIRECTION AS THE CONDENSATE. FOR OTHER PRESSURE

DROPS SEE CHART ON PAGE 205.




ALLOWABLE FLOW RATES
FOR LOW PRESSURE STEAM PIPING

STANDARD WEIGHT STEEL PIPE AND 15 PSIG STEAM

PIPE SIZE FLOW RATE PRESSURE DROP RANGE
l 1-2” 0-18  LBS/MR 0 - 0.50 PSI/100 FT L
34 19-36  LBS/HR 0.15 - 0.50 PS1/100 FY !
" -7  LBS/HR 0.15 — 0.50 P51/100 FT
11/ 7%-10 LBSAR 0.15 - 0.50 51/100 FT
/2" 151 =210 LBS/MR 0.25 - 0.50 PSI/100 FY
2 211-380  LBS/HR 0.15 - 0.50 P$I/100 FT
21/2° 391 - 610  LBS/HR 0.20 - 0.50 PSI/100 FT
3 611 - 1150 LBS/MR 0.15 — 0.50 PSI/100 FT |
‘ i 151 -2400 LBS/MHR 0.10 - 050 PSI/100 FT
5 2401 4500 LBS/HR 8.15 - 0.50 PSI/100 FT _]




2400 — 4500 LBS/HR

0.15 - 0.50 PSI/100 FT

‘l!

450 - 7150 LBS/HR

0.20 - 0.50 PSI/100 FT

‘Ol

7151 - 15,000 LBS/HR

0.15 - 050 PSINN00 FY

'

15,001 — 27,000 LBS/HR

0.15 - 0.50 P$1/100 FT

12"

27,001 - 44,000 LBS/HR

0.20 - 9.50 PSI/100 FT

14"

44,001 — 56,000 LBS/HR

0.15 — 0.50 P$1/100 FT

|

16"

56,001 - 80,000 LBS /MR

0.20 ~ 0.50 PSI/100 FT

80,007 - 108,000 L BS/HR

0.20 - 0.50 PSI/IO0 FY

|

miE

103,001 - 140,000 LBS/HR

0.25 - 0.50 PSI/100 FT J

i

NOTE: THE ABOYE CAPACITIES ARE BASED ON A MAXIMUM PRESSURE DROP OF

i

THE STEAM FOR OTHER PRESSURE DROPS SEE CHART ON PAGE 205,

.50 PSI PER 100 FT AND



DESIGN OF MEDIUM PRESSURE STEAM PIPING

+ LAY DUY PIPING — LAY OUT PIPING TO CONNECT TO ALL STEAM HEATING UNITS. DETERMINE

THE AMOUNT OF GRADE AYAILABLE IN THE PIPING SYSTEM.

- DETERMINE THE FLOW RATES — OETERMINE THE FLOW RATES IN ALL SECTIONS OF THE SY§-

TEM. THIS CAN BE DONE AFTER ALL FLOW RATES TO ALL UNITS !N THE SYSTEM HAVE BEEN
SELECTED. DETERMINE THE FLOW RATES IF UNXNOWN BY THE FOLLOWING FORMULA:

LBS. OF STEAM PER HOUR = BTU/HR + LATENT HEAT OF EYAPORATION

TO DETERMINE THE LATENT HEAT OF EYAPORATION, CONSULT THE STEAM TABLES.

. STUDY THE PIPE CIRCUITING lRR.&HGEHEHT - $TUDY THE PIPE CIRCUITING THAT HAS BEEN

MADE TO SEE IF THE PRESSURE DROP IN ALL SECTIONS AND CIRCUITS IS APPROXIMATELY THE
SAME. REARRANGE fF NECES5ARY.

. SIZE THE PIPE - SIZE THE PIPE, USING THE CHART BELOW. THE CHART 1S BASED ON A FRIC-

TION DROP OF 1/2 PS| PER 100 FEET, THE STEAM FLOWING IN THE SAME DIRECTION AS THE

CONDENSATE, AND A MINIMUM PITCH OF 1-INCH IN 40 FEET. TO SIZE THE PIPE FOR OTHER
STEAM FLOW OR STEAM PRESSURE CONDITIONS, USE THE CHART ON PAGE 205 OF THIS BOOK.



5. ALLOWABLE YELOCITIES - IT IS CONSIDERED GOOD PRACTICE TO ALLOW STEAM VELOCITIES
OF 1000 FEET PER MINUTE PER INCH OF PIPE DIAMETER; WITH AN UPPER LIMIT OF 16,000 FEET
PER MIRUTE WHEN NOISE MAY BE A FACTOR. PIPING RUN IN AREAS WHERE NOISE (S UNIMPOR-
TANT, MAY BE RUN WITH VELOCITIES UP 70 30,000 FEET PER MINUTE WiTHOUT HARMFUL EFFECTS.

6. ESTABLISH THE SYSTEM PRESSURE DROP — THE SYSTEM PRESSURE DROP WILL BE THE UNIT PRES-
SURE DROP TIMES THE TOTAL EQUIYALENT LENGTH; HOWEVER, AS THE STEAM PRESSURE RE-
DUCES THE STEAM OCCUPIES MORE YOLUME PER POURD AND THE YELOCITY AND PRESSURE
DROP INCREASE. THE SYSTEM SHOULD BE BROKEN DOWN INTO SEGMENTS OF 100 FEET, START
AT THE STEAM SOURCE AND COMPUTE THE PRESSURE DROP FOR THE FIRST 100 FEET; SUBTRACT
THIS PRESSURE DROP FROM THE INITIAL STEAM PRESSURE AND THIS WILL BE THE INITIAL STEAM
PRESSURE FOR THE SECOND 100 FEET. REPEAT THIS PROCESS BY EACH 100 FEET TO THE END
OF THE STEAM MAINS.

7. PITCH - THE PITCH IN THE PIPING SHOULD REVER BE LESS THAN 1.INCH IN 40 FEET. WHERE IT .
15 IMPOSSIBLE TO MEET THESE CONDITIONS IN A CONTINUQUS RUN DUE TO STRUCTURAL CONDI-
TIONS, INSTALL AN END OF THE MAIN DRIP AND RISE WITH THE STEAM PIPE TO A HIGHER ELEVA.
TION, THEREBY STARTING A NEW RUN,




¥ 8.

10.

PRESSURE DROP IN THE STEAM MAIN AND THE RETURN MAIN - PRESSURE DROP IN THE STEAM
MAIN AND THE RETURN MAIN DO NOT HAVE THE SAME INTER RELATIONSHIP IN TRE MEDIUM AND
HIGH PRESSURE STEAM SYSTEMS AS THEY DD IN THE LOW PRESSURE STEAM SYSTEM. GENERALLY
THE CONDENSATE I3 RETURNED TO THE BOILER BY PUMPING. THE PIPE SIZE AND PRESSURE
DROP FOR PUMPING |5 COVERED ON PAGES 208 AND 210 OF THIS BOOK.

TRAPPING THE STEAM MAIN ~ THE CONDENSATE THAT FORMS IN THE STEAM MAIN ESPECIALLY
DURING COLD START-UP PERIOD MUST BE DRAINED AT FREQUENT INTERVALS BY THE USE OF
CONDENSATE DRAIN TRAPS. IF CONDENSATE IS ALLOWED TO ACCUMULATE, THE AREA OF THE
PIPE WILL BE EFFECTIVELY REDUCED, CAUSING STEAM YELOCITIES TO INCREASE TO THE
POINT WHEN WATER SLUGGING AND OBJECTIONABLE NOISE WILL OCCUR. FOR BEST RESULTS,
THE MAIN SHOULD BE DRAINED EVERY 300 FEET.

PIPE MATERIAL - GENERALLY, USE STANDARD WEIGHT BLACK STEEL PIPE WITH BLACK CAST
{RON SCREWED FITTINGS. WHERE THE PIPE SIZE IS OVER 2-IRCHES, 1T 15 COMMON PRACTICE TO
USE WELDED STEEL FITTINGS. WHERE WELDED PIPE IS USED, THREADIJI.ETS OR WELDOLETS
FOR BRANCHES SHOULD BE SPECIFIED. WHERE THE PRESSURE IN THE PIPING ¥WILL EXCEED
125 PSIG, USE EXTRA HEAVY PIPE.




10, AIR VENTING - IT IS IMPORTANT TO PROYICE ADEQUATE FACILITY IN THE SYSTEM TO YENT AlR.

12. PIPE SUPPORTS AND PIPE EXPANSION — CHECK TO SEE IF ADEQUATE PIPE SURPORTS AND PRO-
VISIONS FOR EXPANSION HAVE BEEN PROVIDED IN ALL PIPE LINES. PROVIDE PIPE ANCHORS AS
REQUIRED-WITH THE EXPANSION LOOPS, JOINTS, OR BENDS.

13. VALVES — GATE VALVES SHOULD BE INSTALLED IN THE SYSTEM AS REQUIRED TO ISOLATE
EQUIPMENT AND PIPING ZONES FOR SERVICE.

14. INSTALLATION OF PIPE - CARE MUST BE TAKEN DURING INSTALLATION TO PROPERLY REAM
THE ERDS OF THE PIPE TO PREVENT REDUCTION IN THE CROSS SECTIONAL AREA OF THE PIPE.

15. EQUIVALENT LENGTH — CARE MUST BE TAKEN IN THE COMPUTATION OF QVERALL PRESSURE

DROP TO ALLOW FOR FITTINGS. A QUANTITY TAKE-OFF OF ALL VYALVES AND FITTINGS IS NEC-
|T$5AHY TO ACCURATELY DETERMINE THE EQUIVALENT LENGTH. IF A NORMAL AMOUNT OF

FITTINGS IS INVOLYED, A RULE OF THUMB OF £I3 TIMES THE MEASURED LENGTH MAY BE USED.




ALLOWABLE FLOW RATES
FOR LOW PRESSURE CONDENSATE PIPING
STANDARD WEIGHT STEEL PIPE
RETURN FROM 1 PSIG STEAM
PIPE SIZE FLOY RANGE PRESSURE DROP RANGE
DRY RETURNS
e 0-5 LBS/MR 0 -0.25 PSI/100 FT.
" 51-110  LBS/HR 0.03 ~ 0.25 PSI/100 FT,
L1/4 111-20 LBS/HR 0.03 - 0.25 PSI/100 FT.
/2 241-375 LBS/HR 0.03 - 0.25 P5I/100 FT,
7 376810  LBS/MR 0.03 - 0.25 PSI/100 FT.
2v/2 $11-1,3% LBSMR 0.03 — 0.25 PS1/100 FT,
o 1,351~ 2,480 LBS/HR 9.03 — 0.25 PSI/100 FT.
" 2,401 - 5,300 LBS/HR 0.03 - 0.25 PS1/100 FT.
5 5,301 - 3,100 LBS/HR 0.03 — 0.25 PSI/100 FT.
& 8,101 - 13,200 LBS/HR 0.03 - 0.25 PSI/100 FT.




VACUUM AND WET RETURNS
Ve 0-175 LBS/HR 0.03 - 0.25 PSI/100 FT.
I 176-325 LBS/HR 0.03 - 0.25 PSI/100 FT,
114" 326 - 575 LBS/HR 0.03 - 0.25 PSI/100 FT.
V2 576 -925 LBS/HR 0.03 - 0.25 PSI/100 FT.
r 926 - 1,975 LBS/HR 0.03 .. 0.25 PSI/100 FT.
2.1/2" 1,976 ~ 3,325 LBS/HR 0.03 - 0.25 PSI/100 FY.
T 3,32 - 5,325 LBS/MR 0.03 - 0.25 PSI/100 FT.
e 5,326 - 10,975 LBS/HR 0.03 - 0.25 PSI/100 FT.
5 10,976 - 19,475 LBS/HR 0.03 - 0.25 P$I/100 FT.

L “

19,476 - 30,975 LBS/HR

0.03 - 0.25 P5I/100 FT.




ALLOWABLE FLOW RATES

FOR LOW PRESSURE CONDENSATE PIPING

STANDARD WEIGHT STEEL PIPE
RETURN FROM 15 PSIG STEAM

| PIPE SIZE FLOW RANGE PRESSURE DROP RANGE
DRY RETURNS

7 0-75  LBS/MR 0 - 0.50 PSI/100 FT.
" 7 - 165 LBS/HR 0.25 - 0.50 PSI/100 FT.
| L1/ 166 - 360 LBS/MR 0.25 - 0.50 PSI/100 FT.
I-1/2" 31-560 LBS/HR 0.25 - 9.50 PSI/100 FY.
2 561 - 1,215 LBS/NR 0.25 - 0.50 P5I/100 FT.
21/2" 1,216 - 2,000 LBS/HR 0.25 - 0.50 PSI/100 FT.

______________ Pl 2001-372 EBSMR | 025-O.S0PSVNOFT. |
. ¢ 3,721 - 8,000 LBS/HR 0.25 - 0.50 PSI/100 FT.
5 8,001 - 12,000 L8S/HR 0.25 - 0.50 PSI/100 FT.
&’ 12,001 - 20,000 L8S/HR X 0.25 - 0.50 PSI/100 FT,




VACUUM AND WET RETURNS

ye 0280 LBS/HR 0.10 - 0.50 PSL/100 FT.
r W1 - 490  LBS/MR 0.10 - 0.50 PSI/100 FT.
/e H1-840 LBS/HR 0.10 — 0.50 PSI/100 FT.
/2 841 - 1,300 LBS/HR 0.10 — 0.50 PSI/100 FT.
r 1,301 - 2,800 LBS/HR 0.10 - 0.50 PSI/100 FT.
21/2 2,001 - 4,700 LBS/HR 0,10 - 0.50 PSI/100 FT.
¥ 4701 - 7,500 LBS/HR 0.10 —0.50 PSI/100 FT.
s 7,50 — 15,000 LBS/RR 0.10 - 0.50 PSI/100 FT.
5 15,001 - 27,000 LBS/HR 0.10 - 0.50 PSI/100 FT.
é° 27,001 — 43,000 LBS/HR 0.10 - 0.50 PS1/100 FT.

A




- DESIGN OF HIGH PRESSURE STEAM PIPING

1. LAY QUT PIPING — LAY OUT PIPING TO CONNECT TO ALL STEAM HEATING UNITS. DETERMINE
THE AMODUNT OF GRADE AVAILABLE IN THE PIPING SYSTEM.

2. DETESRMINE THE FLOW RATES - DETERMINE THE FLOW RATES IN ALL SECTIONS OF THE 5SY3-
TEM. THIS CAN BE DONE AFTER ALL FLOW RATES TO ALL UNITS IN THE SYSTEM HAVE BEEN
SELECTED. DETERMINE THE FLOW RATES IF UNKNOWN BY THE FOLLOWING FORMULA:

LBS. OF STEAM PER HOUR = BTU/HR < LATENT HEAT OF EYAPORATION

TODETERMINE THE LATENT HEAT OF EVAPORATION, CONSULT THE STEAM TABLES.

3. STUDY THE PIPE CIRCUITING ARRANGEMENT ~ STUDY THE PIPE CIRCUITING THAT HAS BEEN
MADE TO SEE IF THE PRESSURE DROP IN ALL SECTIONS AND CIRCUITS IS APPROXIMATELY THE
SAME. REARRANGE IF NECESSARY.

4. SIZE THE PIPE - SIIE THE PIPE, USING THE CRART BELOW.

5. AI.LNM!I.’E YELOCITIES ~ IT 15 CONSIDERED GOOD PRACTICE TO ALLOW STEAM YELOCITIES OF
FEET PER MINUTE PER INCH OF PIPE DIAMETER; WITH AN UPPER LIMIT GF 10,000 FEET PER
HIHUTE WHEN NOISE MAY BE A FACTOR. PIPING RUN IN AREAS ¥HERE NOISE 15 I.IIIIHI'BH'HI'IT
MAY BE RUN WiTH YELOCITIES UP TO 30,000 FEET PER MINUTE WITHOUT HARMFUL EFFECTS.




[

§. ESTABLISH THE SYSTEM PRESSURE DROP — THE SYSTEM PRESSURE DROP WILL BE THE UNIT
PRESSURE DROP TIMES THE TOTAL EQUIVALENT LENGTH; HOWEVER, AS THE STEAM PRESSURE
REDUCES THE STEAM OCCUPIES MORE YOLUME PER POUND AND THE VELOCITY AND PRESSURE
DROP INCREASE. THE SYSTEM SHOULD BE BROKEN DOWN INTO SEGMENTS OF 100 FEET. START
AT THE STEAM SOURCE AND COMPUTE THE PRESSURE DROP FOR THE FIRST 100 FEET; SUBTRACT
THIS PRESSURE DROP FROM THE INITIAL STEAM PRESSURE AND THIS WILL BE THE INITIAL STEAM
PRESSURE FOR THE SECOND 100 FEET. REPEAT THIS PROCESS 8Y EACH 100 FEET TO THE END
OF THE STEAM MAINS, |

7. PITCH ~ THE PITCH IR THE PIPING SHOULD NEVER BE LESS THAN 1-INCH IN 40 FEET. WHERE
IT 1S IMPOSSIBLE TO MEET THESE CONDITIONS IN A CONTINUOUS RUN DUE TO STRUCTURAL
CONDITIONS, INSTALL AN END OF THE MA DRIP AND RISE WITH THE STEAM PIPE TO A I'IIGHE!
ELEVATION, THEREBY STARTING A NEY RUN.

8. PRESSURE DROP {N THE STEAM MAIN AND THE RETURN MAIN — PRESSURE DROP IN THE STEAM
MATN AND THE RETURN MAIN DO NOT HAVE THE SAME INTER RELATIONSHIP IN THE MEDIUM AND
HIGH PRESSURE STEAM SYSTEMS AS THEY DO IN THE LOW PRESSURE STEAM SYSTEM. GENERALLY,
THE CONDENSATE 15 RETURNED TO THE BOILER BY PUMPING. THE PIPE SIZE AND PRESSURE
DROP FOR PUMPING 1S COVERED ON PAGES 208 AND 210 OF THIS BOOX.

9. TRAPPING THE STEAM MAIN. - THE CONDENSATE THAT FORMS IN THE STEAM MAIN ESPECIALLY
DURING COLD START-UP PERIOD MUST BE DRAINED AT FREQUENT INTERVALS BY THE USE OF
CONDENSATE DRAIN TRAPS. IF CONDENSATE IS ALLOWED TO ACCUMULATE, THE AREA OF THE
PIPE WILL BE EFFECTIVELY REDUCED, CAUSING STEAM YELOCITIES T0 IHCREME TO THE
POIRT WHEN WATER SLUGGING AND OBJECTIONABLE NOISE WiLL OCCUR, FOR BEST RESULYS,
THE MAIN SHOULD BE DRAINED EVERY 300 FEET.

Y9



10. PIPE MATERIAL — GENERALLY, USE STANDARD WEIGHT BLACK STEEL FIPE WITH BLACK CAST
FITTINGS. WHERE THE PIPE SIZE IS OVER 2-INCHES, 17 IS COMMON PRACTICE
TO USE WELDED STEEL FITTINGS. WHERE WELDED PIPE IS USED, THREADOLETS OR WELDOLETS
FOR BRANCHES SHOULD BE SPECIFIED. WHERE THE PRESSURE IN THE PIPING WILL EXCEED
125 PSIG, USE EXTRA HEAYY PIPE.

1. AIR VENTING ~ IT IS IMPORTANT TO PROVIDE ADEQUATE FACILH‘I’ M THE SYSTEM TO YENT AIR.

12. PIPE SUPPORTS AND PIPE !!PAH!IOH ~ CHECK TO SEE IF ADEQUATE PIPE SUPPORTS AND PRO-
XPANSION HAVE BEEN PROVIDED IN ALL PIPE LINES. PROYIDE PIPE ANCHORS
AS REQUIRED WITH THE EXPANSION LOOPS, JOINTS, OR BEMDS.

13, YALYES — GATE VALVES SHOULD 8E INSTALLED IN THE SYSTEM AS REQUIRED TO ISOLATE
NT AND PIPING ZONES FOR SERVICE.

14, INSTALLATION OF PIPE — CARE MUST BE TAKEN DURING INSTALLATION TO PROPERLY REAM THE
ENDS OF THE PIFE T0 PREVENT REDUCTION IN THE CROSS SECTIOHAI. AREA OF THE PIPE.

15.. EQUIYALENT LENGTH - CARE HUET BE TAKEN IN TIIE cmu'rmm OF ﬂ\"EEM..L PRESSURE
PROP TO ALLOY FOR
ESSARY TO ACCURATELY DETERHIHE THE EWI\'!L!HT I.ENG'H'I IF A I'!ORHAL AHDIJNT oF

FITTINGS IS INVOLVED, A RULE OF THUMB OF71.3 TIMES THE MEASURED LENGTH MAY BE USED.

AR



H r
DESIGN OF LOW PRESSURE CONDENSATE PIPING

. LAY OUT PIPING — LAY OUT PIPING TO CONNECT TO ALL STEAM HEATING UNITS AND CONDENSATE
INTS. DETERMINE THE AMOUNT OF GRADE AYAILABLE IN THE PIPING SYSTEM.

2. DETERMINE THE FLOY RATES — DETERMINE THE FLOW RATES 1N ALL SECTIONS OF THE SYSTEM,
TRIS CAN BE DONE AFTER ALL FLOW RATES TO ALL UNITS IN THE SYSTEM HAYE BEEN SELECTED.
DETERMINE THE FLOW RATES IF UNKNOWN BY THE FOLLOWING FORMULA:

LBS OF CONDENSATE PER HOUR = BTU/HR = LATENT HEAT OF EVAPORATION
TO DETERMINE THE LATENT HEAT OF EVYAPORATION, CONSULT THE STEAM TABLES OR USE 970.3
BTU/LE. FOR THE LOW PRESSURE STEAM,

3. STUDY THE PIPE CIRCUITING ARRANGEMENT — STUDY THE PIPE CIRCUITING THAT HAS BEEN MADE

10 SEE IF THE PRESSURE DROP IN ALL SECTIONS AMD CIRCUITS IS APPROXIMATELY THE SAME.
REARRANGE IF HECESSARY. |

4. SIZE THE PIPE - SIZE THE PIPE, USING THE CHART SHOWN ON PAGE 207. THE CHART IS BASED ON
A MAXIMUM FRICTION DROF OF t/4 PS) PER 100 FEET AND A MINIMUM PITCH OF 1-INCH IN 10 FEET.
IF 1T 1S DESIRED TO DESICN THE SYSTEM OM OTHER CONDITIONS, CONSULT THE ASHRAE GUIDE AND
DATA BOOK,

5. ALLOWABLE YELOCITIES — ALLOWABLE VELOCITIES HAYE VERY LITTLE SIGNIFICARCE IN THE
CRAVITY CONDENSATE RETURN SYSTEM, WHERE THE CONDENSATE IS PUMPED, THE YELOCITY OF
THE YATER IN THE PSPE SHOULD BE DESIGNED AT APPROXIMATELY 3 FEET PER SECOMD WITH AN
UPPER LIMIT OF é FEET PER SECOND.




‘1
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10.

ESTABLISH THE SYSTEM PRESSURE DROP — THE HEAD AYAILABLE IN A LOY PRESSURE GRAVITY CON-
DEWSATE STYSTEM TO CAUSE THE WATER TO FLOW IS THE PITCH IN THE PIPE, A SYSTEM THAT IS
GRADED 1-INCH IN 10 FEET WILL HAVE 10-INCHES OF AVAILABLE HEAD PER 100 FEET OR W0/12 =

2.31 = 0.35 PS1 PER 100 FEET. THEREFORE, IT IS MECESSARY TO ESTABLISH PITCH BEFORE COMPUT-
ING SYSTEM PRESSURE DROP. THE SYSTEM PRESSURE DROP WILL BE THE UNIT PRESSURE DROP
TIMES THE TOTAL EQUIVALENT PIPE LENGTH.

PITCH — AS SHOWN 3t THE PRECEDING PARAGRAPH, THE PITCH IN THE PIPING CONTROLS THE
AMOURT OF AVAILABLE HEAD YO MAKE THE CONDENSATE MOYE; THIS PITCH SHOULD NEVER BE
LESS THAN 1-INCH IN 40 FEET AND SHOULD USUALLY BE ABOUT 1-INCH N 10 FEET. WHEREIT IS
IMPOSSISLE TO MEET THESE CONDITIONS IN A CONTINUOUS RUN DUE TO STRUCTURAL CONDITIONS,
THE CONDENSATE WILL HAVE TO 8E PUMPED FROM THE LOW POINTS BACK TO THE BOILER, CON-
DENSATE GRAVITY RETURN MAINS AND CONDENSATE FORCED PUMPED MAINS SHOULD NOT BE JOINED
TOGETHER.

PRESSURE DROP IN THE STEAM MAIN ARD THE RETURN MAIN — 70 OBTAIN THE MOST SATISFACTORY

PERATION, THE TOY RESSURE DROP IN THER PING SYSTEM SHOULD BE MADE APFROX-
IMATELY THE SAME AS THE TOTAL PRESSURE DROP IN THE STEAM SUPPLY PIPING.

TRAPPING THE STEAM MAIN —~ THE CORDENSATE THAT FORMS IN THE STEAM MAIN ESPECIALLY
DURING COLD START-UP PERIODS MUST BE DRAINED AT FREQUENT INTERVALS BY THE USE OF CON-
DENSATE DRAIN TRAPS. IF CONDENSATE IS ALLOWED TD ACCUMULATE, THE AREA OF THE PIPE
WILL BE EFFECTIVELY REDUCED, CAUSING STEAM YELOCITIES TO INCREASE TO THE POINT WHEN

WATER SLUGGING AND OBJECTIONABLE NOISE WILL OCCUR. FOR BEST RESULTS, THE MAM SHOULD
BE DRAINED EVERY 100 FEET.

PIPE MATERIAL — GENERALLY, USE STANDARD WEIGHT BLACK STEEL WYITH BLACK CAST IRON
SCREWED FITTINGS. WHERE THE PIPE SIZE IS OVER 2-INCHES, 1T 15 COMMON PRACTICE TO USE
WELDED STEEL FITTMNGS. WHERE WELDED PIPE IS USED, THREADOLETS OR WELDOLETS FOR

BRAMCHES SHOULD BE SPECIFIED. WHERE THE PRESSURE IN THE PIPING WILL EXCEED 125 PSIG,
USE EXTRA HEAYY PIPE.



- - 11, AIR YENTING - IT IS IMPORTANT TO PROYIDE ADEQUATE FACILITY IN THE SYSTEM TO YENT AlR.

12. PIPE SUPPORTS AND PIPE EXPANSION - CHECK TO SEE IF ADEQUATE PIPE SUPPORTS AND FRO-
VISIONS FOR EXPANSION HAVE BEEN PROVIDED IN ALL PIPE LINES. PROYIDE PIPE ANCHORS AS
REQUIRED WITH THE EXPANSION LOOPS, JOINTS, OR BENDS.

13. VALYES - GATE YALVES SHOULD BE INSTALLED IN THE SYSTEM AS REQUIRED TO ISOLATE EQUIP-
MENT AND PIPING ZOMES FOR SERVICE,

4. INSTALLATION OF PIPE — CARE MUST BE TAKEN DURING INSTALLATION TO PROPERLY REAM THE
ENDS OF THE PIPE TO PREVENT REDUCTION IN THE CROSS SECTIONAL AREA OF THE PIPE.

15, EQUIYALENT LEMGTH — CARE MUST 8E TAKEN IN THE COMPUTATION OF OVERALL PRESSURE DROF
TO ALLOW FOR FITTINGS. A QUANTITY TAKE-OFF OF ALL VALYES AND FITTINGS IS NECESSARY
TO ACCURATELY DETERMINE THE EQUIVALENT LENGTH. IF ANRORMAL AMOUNT OF FITTINGS IS IN-
YOLVED, A RULE OF THUMB OF 1.3 TIMES THE MEASURED LENGTH MAY BE USED.

16, YRAPS — GENERALLY FLOAT AND THERMOSTATIC TRAPS ARE USED FOR LO¥ PRESSURE END OF

MAIN DRIPS AND HIGH CAPACITY RADIATION, THERMOSTATIC TRAPS ARE USED FOR LOY CAPACITY
RADIATION.

17. HOLDING CAPACITY — THERE ARE PERIODS OF TIME WHEN THE CONDEMSATE WILL RETURN TO THE
BOILER ROOM AT A GREATER OR LESSER RATE THAN REQUIRED TO FEED THE BOILER DUE TO
WARM UP CONDITIONS. SECAUSE OF THESE PERIODS OF IRREGULARITY ABOUT 10-20 MINUTES OF
WATER STORAGE SHOULD BE PROYIDED IN THE BOILER ROOM,



ol

ALLOWABLE FLOW RATES
FOR MEDIUM PRESSURE STEAM PIPING
STANDARD WEIGHT STEEL PIPE AND 30 PSIG STEAM
!

PIPE SIZE FLOY RATE PRESSURE DROP RANGE
1/ 0-21  LBSAR 0 - 0.50 PSI/100 FT
3/4" 22.42  LBS/MR 0.10 - 0.50 PSI/100 FT

" 43-100  LBSHR 6.15 - 0.50 PSI/100 FT
11/ 01210 LBS/MR 015 - 050 PSI/100 FT
/2 181-270 LBS/HR 0.25 - 0.50 PSI/100 FT
” 271 - 450 LBS/HR 0.20 - 0.50 P$SI/100 FT
- 451 =750  LBS/HR 0.20 - 9.50 PSI/100 FT
3" 751 - 1400 LBS/HR 0.15 - 0.50 P$1/100 FY
g 1401 - 2900 LBS/HR 0.10 - 0.50 PSI/100 FY
5" 2901 — 5400 LBS/HR 0.15 - 0.50 PSI/100 FT
g 5401 - 8000  LBS/HR 9,20 .. 0.50 P5L/100 FT




o _
i 5" 5401 - 8300 LBS/MR 9.20 .. 0.50 PSL/100 ET
r* 8301 - 13,000 LBSMR 0.15 - 0.50 P$I/100 FT
1w 18,001 - 33,000 LBS/MR 0.15 - 0.50 P51/100 FT 1
12" 33,000 - 53,000 LBS/HR 0.15 ~ 0.50 P$1/100 FT
l 14" 53,001 — 68,000 LBS/MR 0.20 - 0.50 PSI/100 FT
16" 68,001 — 95,000 LAS/HR 0.20 - 0.50 PSI/100 FT I
1" 96,001 - 130,000 LBS/HR 0.20 ~ 0 50 PSI/TO0 FT
20" 130,001 ~ 170,000 L85/HR 0.20 - 0.50 PSI/100 FT |

NOTE: THE ABOVE CAPACITIES ARE BASED ON A MAXIMUM PRESSURE DROP OF 0.50 PS| PER 100 FT AND

THESTEAMFLOWING INTHE SAME DIRECTION

SEE CHART ON PAGE 205,

AS THE CONDENSATE. FOR OTHER PRESSURE DROPS

ARES



ALLOWABLE FLOW RATES
FOR MEDIUM PRESSURE STEAM PIPING
STANDARD WEIGHT STEEL PIPE AND 50 PSIG STEAM

PIPE SiZE FLOWRATE PRESSURE DROP RANGE
12" 0-3  LBS/MR 0~ 1.0 PSI/100 FT
/4" V-8 LBSMR 0.25 — 1.0 PSI/100 FT

" 5150 LBS/MR 0.20 - 1.0 PSI/100 FT
A" 151300 LBS/HR 025~ LOPSIL/I00 FT
e 301420 LBS/MR 0.40 - 1.0 PSI/100 FT
2 21-70  Les/R 0.25 - 1.0 PSI/100 FT
2172 7211200 LBS/MR 0.25 - 1.0 PSI/190 FT
" 1200 - 2200 LBS/MR 0.20 21,0 PSI/100 FT
o~ 2201~ 470 LBS/MR 0.15 - 1.0 PSI/100 FT
5" 4701 - 8800 LBSAHR 0.20 - 1.0 P5I/100 FT
T 8801 - 14,000 L8S/HR 0.30 - 1.0 PSI/100 FT
¢ 14,001 - 30,000 LBS/MHR 9.20 - 1.0 PS1/100 FT




NOTE: THE ABOVE CAPACITIES ARE BASED ON A
THE STEAM FLOWING IN THE SAME DIRECT

DROPS SEE CHART ON PAGE 205.

MAXIMUM PRESSURE DROP OF 1 PSI PER 100 FT AND
ION AS THE CONDENSATE. FOR OTHER PRESSURE

\ ——— euw = LN TH/TYW ] I
. | w000 - 30000 Las/mR 9.20 - 1.0 P$1/100 FT
10 30,001 - 54,000 LBS/HR 0.25 ~ 1.0 PSI/100 FT
12" 54,000 - 83,000 LBS/MR 0.30 - 1.0 PSI/100 FT |
14 83,00 - 110,000 LBS/HR 0.40 - 1.0 P$I/100 FY
3 " 110,001 — 150,000 LBS/MR 0.40 - 1.0 PSI/100 FT
TR 150,001 — 210,000 LBS/HR 0.50 - 1.0 P$SI/100 FT ,
20" | 210,001 - 280,000 LBS/MHR 0.55 - 1.0 PSI/100 FT l



DESIGN OF MEDIUM PRESSURE CONDENSATE PIPING

L LAY Ugl‘ PIPING ~ LAY DUT PIPING TO CONNECT TO ALL STEAM HEATING UNITS AND CONDENSATE
- DETERMINE THE AMOUNT OF GRADE AVAILABLE IN THE PIPING SYSTEM.

i DE FLOW RATES — DETERMINE THE FLOW RATES IN ALL SECTIONS OF THE SYSTEM,
THIS CAN BE DONE AFTER ALL FLOW RATES TO ALL UNITS IN THE SYSTEM HAVE BEEN SELECTED.
DETERMINE THE FLOW RATES IF UNKNOWN BY THE FOLLOWING FORMULA:

LBS OF CONDENSATE PER HOUR - BTUMHR + LATENT HEAT OF EVAPORATION

TO DETERMINE THE LATENT HEAT OF EYAPORATION, COMSULT THE STEAM TABLES OR USE 929
BTU/LB FOR THE 30 PSIG STEAM AND #12 BYU/LB FOR THE 50 PSIG STEAM.

1. STUDY THE PIPE CIRCUITING ARRAMGEMENT - STUDY THE PIPE CIRCUITING THAT HAS BEEN MADE
F THE RE DROP N ALL SECTIONS AND CIRCUITS IS APPROXIMATELY THE SAME.
REARRANGE IF HECESSARY.

4. SIZE 'IH% l!l" - SIZE THE FIPE, USING THE CHART SHOWH ON PAGE 209. THE CHART IS BASED ON
A FRICTION DROF OF 1/2 PSI PER 100 FEET FOR THE 20 PSIG STEAM AND | PSI PER 100
FEET FOR THE 50 PSIG STEAW. THE MINIMUM PITCH IS 1INCH IN 40 FEET AND SHOULD BE 1 M 10
FEET WHEN CONDITIONS PERMIT. IF IT IS DESIRED TO DESIGN THE SYSTEM ON OTHER CONDITIONS,
CONSULT THE ASHRAE GUIDE AHD DATA BODK,

5. ALLOWA TIES — ALLOWABLE VELOCITIES HAYE YERY LITTLE SIGHIFICANCE IN THE
%ﬁﬂﬁ‘%ﬁ'ﬁ%cmﬁrrﬁnm SYSTEM. WHERE THE CONDEMSATE IS PUMPED, THE VELOCITY OF
THE WATER IN THE PIPE SHOULD BE DESICHED AT APPROXIMATELY 3 FEET PER SECOMD WITH AN
UPPER LIMIT OF 6 FEET PER SECDHC.

6. ESTABLISH THE SYSTEM PRESSURE DROP — THE HEAD AYAILABLE IN A MEDIUM PRESSURE COM-
DENSATE SYSTEM IS T D; WHEN THE TRAP IS CLOSED, THE HEAD AVAILABLE IS THE PITCH IN
THE PIPE. A SYSTEM THAT IS GRADED 1-INCH IM 10 FEET WILL HAYE 10-INCHES OR 10/12 = 2.31 - 0.35
P5I PER 190 FEET OF HEAD AVAILABLE. WHEN THE COMDENSATE RETURN TRAP OPENS, THE PRES-
SURE OF THE STEAM I5 AYMLABLE TC CAUSE THE CONDENSATE TO FLOW, AND DOES, IN FACT,
HAVE AYAILABLE PRESSURE TO ELEVATE THE CONDENSATE IF MECESSARY. IT 15 WISE TO OBTAIN
AS MUCH FITCH AS POSSIBLE TO FACILITATE THE RAPID REMOYAL OF COMDEMSATE OM WARM-UF;
WOWEYER, FITCHES OF 1INCH IN 40 FEET VILL OPERATE QUITE SATISFACTORILY WHEN SUFEICIENT
STEAM PRESSURE IS AYAILABLE. THE SYSTEM PRESSURE DROP WILL BE THE UNIT PRESSURE DROF
TIMES THE TOTAL EQUIVALENT PIPE LENGTH.

T

%» A5 SHOWN IN THE PRECEDING PARACRAPH, THE PITCH 1N THE PIPING CONTROLS FHE

TOF AYAILABLE HEAD TO CARRY ANAY THE CONDENSATE WHEN THE TRAP IS CLOSED, THIS
PITCH SHC'ILD NEVER BE LESS THAN 1-JNCH IM 40 FEET AND SHOULD USUALLY BE ABOUT 1-INCH

iH 10 FEET. WHERE IT IS IMPOSSIBLE TO MEET THESE COMDITIONS IN A COMTINUOUS RUN, AHD YHEN
IMSUFFICIENT STEAM PRESSURE |5 AYAILABLE TO ELEYATE THE CONDEWSATE, THE CONDERSATE
WILL HAVE TO BE PUMPED BACK TO THE BOILER ROOM. COMDENSATE GRAVITY RETURN MAINS AND
COMDENSATE FORCED PUMPED MAIN SHOULD NOT BE JOINED TOGETHER.

8. PRESSURE DROP IN THE STEAM MAIN AND THE RE TURH MAIM - PRESSURE DROP I THE STEAM MAIN
THE RE MAIH DO HOT HAYE THE SAME INTERRELATIONSHIP IN THE MEDIUM PRESSURE SY5-
TEM AS THEY DO IN THE LOW PRESSURE STEAM SYSTEM. GEMERALLY, THE COMDEMSATE IS RETURNED
TO THE BOILER BY PUMPING. THE PIPE SIZE FOR THE PUMPED RETURN SHOULD BE ESTABLISHED

FROM A PIPE YELOCITY OF APPROXIMATELY 3 FEET PER SECOND.

9. TRAPPING THE SFHH HAIN — THE CONDENSATE THAT FORMS IN THE STEAM MAIN ESPECIALLY DURING
T,

Al T BE DRAINED AT FREQUENT INTERYALS BY THE USE OF CONDENSATE
DRAIN TRAPS. IF CONDENSATE IS ALLOW ED TO ACCUMULATE, THE AREA OF THE PIPE WILL BE EF-
FECTIVELY REDUCED, CAUSING STEAM VELOCITIES TO INCREASE TO THE POINT WHEM WATER
SLUGGING AND OBJECTIONABLE HDISE WILL OCCUR. FOR BEST RESULTS, THE MAM SHOULD BE
DRAIMED EVERY 300 FEET OR LESS.

0. I’I:!E !&lﬁl‘!.ﬂ. — GEMERALLY, USE STANDARD WEIGHT BLACK STEEL WITH BLACK CAST IRON
REWED FITTINGS. WHERE THE PIPE SIZE 15 OVER 24NCHES, IT IS COMMON PRACTICE TO USE
WELDED STEEL FITTINGS. WHERE WELDED PIPE 15 USED, THREADOLETS OR YELDOLETS FOR
BRANCHES SHOULD BE SPECIFIED. WNERE THE PRESSURE IN THE PIPING WILL EXCEED 125
P5IG, USE EXTRA HEAYY PIPE.

1. MR YERTING ~ IT IS IMPORTANT TO PROVIDE ADEQUATE FACILITY IN THE SYSTEM TO VENT AIR.

2. PIPE SYPPORTS AMD P ANSION — CHECK TO SEE IF ADEQUATE PIPE SUPPORTS AHD PRO-
) Wwﬂﬁﬂmﬁﬁ{‘ummmn IH ALL PIPE LINES. PROYIDE PIPE ANCHORS AS
REQUIRED VITH THE EXP AMSION LOOPS, JOINTS, OR BEWDS,

[ER J = GATE YAL YES SHOULD BE INSTALLED IN THE SYSTEM AS REQUIRED TO ISOLATE
IPMENT AND PIPING TOMES FOR SERVICE.

V. INSTALLATION OF PIPE - CARE MUST BE TAKEM DURING INSTALLATION TO PROPERLY REAM THE
THE REVERT REDUCTION IN THE CROSS SECTIONAL AREA OF THE PIPE,

15. EQUIVALENT LENGTH — CARE MUST BE TAKEN IN THE COMPUTATION OF OVERALL PRESSURE DROP
TINGS. A QUANTITY TAKE-OFF OF ALL YALVES AND FITTINGS IS NECESSARY TO
ACCURATELY DETERMINE THE EQUIVALENT LENGTH. IF A NORMAL AMOUNT OF FITTINGS IS IN-
YOLYED, A RULE OF THUMB OF 1.3 TIMES THE MEASURED LENGTH MAY BE USED.

. mj’-ﬂllﬂ THE MEDIUM PRESSURE COMDENMSATE RETURNS ARE DISCHARGED INTO A YENTED
HERE TANK OR SYSTEN, CONSIDERABLE RE-EVAPORATION WILL OCCUR AMD STEAMYILL
BE LOST UP THE YENT TO ATMOSPHERE. CONSIDERATION SHOULD ALWAYS BE GIVEN TO MAKING USE
OF THIS WASTE HEAT BY CIRCULATING THE CONDENSATE THROUGH FIN TUBE RADIATION OR UNIT
=:¢:=IIS TO HEAT THE SPACE, OR THRU A HOT WATER GENERATOR TO MEAT THE DOMESTIC HOT

AT A GREATER OR LESSER RATE THAM REQUIRED TO FEED THE BOILER DUE TO
WARM-UP CONDITIONS. BECAUSE OF THESE PERIODS OF IRREGULARITY ABOUT 10-20 MNUTES OF
WATER STORAGE SHOULD BE PROYIDED IN THE BOILER ROOM.

17. HOLDING I‘.‘l?%]} - THERE ARE PERIOOS OF TIME WHEN THE COMDEMSATE WILL RETURK TO THE



ALLOWABLE FLOW RATES
FOR MEDIUM PRESSURE CONDENSATE PIPING

STANDARD WEIGHT STEEL PIPE
RETURN FROM 30 PSIG STEAM

ALLOWABLE FLOW RATES
FOR MEDIUM PRESSURE CONDENSATE PIPING

STANDARD WEIGHT STEEL PIPE
RETURN FROM 50 PSIG STEAM

PIPE SIZE FLOW RANGE PRESSURE DROP RANGE PIPE SIZE FLOW RANGE PRESSURE DROP RANGE
DRY RETURNS DRY RETURNS
Vi 0-240 LBSMR 0 — 0.50 PSL/100 FY. e 0-%0 LBS/HR 0 - 1.0 PSI/100 FT.
" M1-40  LBS/HR 0.125 - 0.50 PSi/100 FT. " B -770  LBSMR 0.30 - 1.0 PSI/100 FT.
L #1- 1,00 LES/HR 0.125 — 0.50 PSI/100 FT. L1/ - 1600 LBS/HR 0.30 - 1.0 PSI/100 FT.
e 1001 - 1,650 LBS/HR 0.25 - 0.5 PSI/100 FT. L1/ 1,601 - 2,600 LBS/HR 0.30 - 1.0 PSI/100 FT.
7 1651-3,300 LBS/MR 0.13 - 0.50 PSI/100 FT. r 2601 - 5,400 LBS/MR 0.3 — 1.0 PSI/100 FT.
22 3381 -5500 LES/MR 0.20 - 0.50 PSI/100 FT. 2177 5,019,000 LBSMR 0.30 - 1.0 PSI/100 FT.
= 5,581 - 10,200 LBS/HR 0.15 - 0.50 PSI/100 FT. ¥ 7,001 - 16,20 LBSAMR 0.30 - 1.0 PSI/100 FT.
Pz 10,01 - 21,000 LBS/HR 0.125 - 0.50 PSI/100 FT. P2 16,21 - 23,50 LBS/HR 0.3 ~ 10 PSI/100 FT.
5 2,001 - 0,190 LBSHR 0.15 - 0.50 PSI/100 FT. 5 3,91 - 66,00 LBS/HR 0.30 — 1.0 PSI/100 FT.
& 0,151 - 65,000 LBSHR 0.29 = 0.50 PSI/100 FT. & 66,001 — 104,000 LBS/HR 0.30 - 1.0 PSI/100 FT.
WET RETURNS WET RETURNS
v 0-60  LESHR 0.20 - 0.50 PSI/100 FT. Ve 9- 1020 LBS/HR 9.30 - 1.0 PSI/100 FT.
" 841 1,000 LBSMR 0.20 - 0.50 PSI/100 FT. r 1021 = 1,600 LBS/MR 2.30 - 1.0 PSI/100 FT.
1/ 1001 - 1780 LBSAIR 0.20 - 0.50 PSI/100 FT. 1 1,0) - 2850 LBS/HR 0.30 — 1.0 PSI/100 FT.
Lz 1701 - 290 LB/HR 0.20 - 0.50 PSI/100 FT. /2 2851 - 4700 LBS/HR 0.30 — 1.0 PSI/100 FT.
» 29515850 LBSMR 0.20 - 0.50 PSI/100 FT. 7 401 -9,300 LBS/HR 0.30 — 1.0 PSI/100 FT.
W 5851 - 9,80 LBSHR 0.20 - 0.5 PSI/100 FT. 1y 7,21 - 15,600 LBS/MR 0.30 - 1.0 PSI/100 FT.
¥ 9,800 - 15000 LBS/HR 0.20 - 0.50 PSI/100 FT. ¥ 15,601 - 24,000 LBS/MR 0.30 - 1.0 PSI/100 FT.
" 15001 - 30,700 LBS/HR 0.20 - 0.50 PSI/100 FT. - 24,001 - 50,000 LBS/HR 0.30 - 1.0 PSI/100 FT.
™ 30,701 - 69,000 LBS/HR 0.20 - 0.50 PSI/100 FT. 5 50,001 - 110,000 LBS/HR 0.30 - 10 PSI/100 FT.
& 69,001 - 104,000 LBS/HR 0.20 - 0.50 PSI/100 FT. P 110,001 — 166,000 LBS/HR 0.30 - 1.0 PSI/100 FT.




. e
DESIGN OF HIGH PRESSURE CONDENSATE PIPING

1. LAY OUT PIPING — LAY OUT PIPING TO CONNECT T0 ALL STEAM HEATING UNITS AND CONDEMNSATE 8. PRESSURE DROP IN THE STEAM MAIN AND THE - PRESSU
DRIP POINTS. DETERMINE THE AMOUNT OF GRADE AVAILABLE IN THE PIFING SYSTEM, FWTERTELEIONSHIP it THE HIGH PrEsyRe e
TEM AS THEY DO N THE LOY PRESSURE STEAM SYSTEA. GENERALLY, THE CONDENSATE IS RETURNED
BOILER BY PUNPING. THE PIPE SIZE FOR THE PUMPED RETURN SHOULD BE ESTABLISHED
7. DETERMINE THE FLOW RATES —~ DETERMINE THE FLOW RATES IN ALL SECTIONS OF THE S5YSTEM.
THIS CAN BE DONE AFTER ALL FLOW RATES TO ALL UNITS 1M THE SYSTEM HAVE BEEN SELECTED. FROM A PIPE YELOCITY OF APPROXIMATELY 3 FEET PER SECOND.

DETERMINE THE FLOW RATES IF UNXNOWN BY THE FOLLOWING FORMULA: 9. TRAPPING THE STEAM MAIN — THE CONDERSATE THAT FORMS IN THE STEAM MAIN ESPECIALLY DURING
COLD START-UPF PERIODS W)

i . ST BE DRAINED AT FREQUENT INTERVALS BY THE USE OF CONDENSATE

0 DETERNINE THE LATENTHEAT OF EVAPORATION, CONSULT THE STEAM TABLES OR USE 88) : e T WHEN WATER
SLUGGING AND OBJECT:ONABLE NOISE WILL OCCUR. FOR BEST RESULTS, THE MAM SHOULD BE
BTU/LB FOR THE 100 FSIG STEAM AND 857 BTU/LB FOR THE 150 PSIC STEAM, DRABIED EVERY 306 et R LB,

3. STUDY THE PIPE CIRCPITING ARRAHGEMENT - STUDY THE PIPE CIRCUITING THAT HAS BEEN MADE 10, = GEMERALLY, USE STAMDARD WEICHT BLACK STEEL WITH BLACK CAST IROM
TO SEE IF THE PRESSURE DROP IN ALL SECTIONS AMD CIRCUITS IS APPROXIMATELY THE SAME. ;c! ni‘immwm FITTINGS. WHERE THE PIPE SIZE I5 OVER 2-JNCHES, IT 15 COMMON PRACTICE TO USE
REARRANGE IF NECESSARY, - WELDED STEEL FITTINGS. WHERE WELDED PIPE IS USED, THREADOLETS OR WELDOLETS FOR

BRANCHES SHOULD BE SPECIFIED. WHERE THE PRESSURE IN THE PIPING WILL EXCEED 125
4. SIZE THE PIPE — SIZE THE PIPE, USING THE CHART SHOWN ON PAGE 211. THE CHART IS BASED PSIG, USE EXTRA HEAVY PIPE.
ON A MAXINUM FRICTION DROF OF | P31 PER 100 FEET, THE MINIMUM FITCH IS 19NCH IN 40
FEET AND SHOULD BE 1NCH IN 10 FEET WHEM COHDITIONS PERMIT. IF IT IS DESIRED TO 1. MR YENTING - IT IS INFORTANT TO PROVIDE ADEQUATE FACILITY IN THE SYSTEM TO VENT AIR.
DESIGH THE SYSTEM ON OTHER CONDITIONS, CONSULT THE ASHRAE GUIDE AND DATA
B00K 173 SUPPORTS AND PIPE EXFANSION - CHECK TO SEE |F ADEGUATE PIPE SUPPORTS AND PRO-
%Wmsﬁ%x ANSION HA ROVIDED M ALL PIPE LINES. PROVIDE PIPE AHCHORS AS

REQUIRED ¥ITH THE EXPANSION LOOPS, JOINTS, OR BENDS.
5. ALLOWABLE VELOCITIES — ALLOWABLE YELOCITIES HAVE VERY LITTLE SIGRIFICANCE IN THE
m‘u'omw %i'ﬁ

ATE RETURM SYSTEM. WHERE THE COMDEHSATE IS PUMPED, THE VELOCITY OF 13. YALVES - GATEY SHOU
THE WATER IN THE PIPE SHOULD BE DESIGNED AT APFROXIMATELY 3 FEET PER SECOND WITH AN Wﬂ’%m‘? ;J.Eﬂ' Nm%mi::ﬂ‘:;?::‘%é O IN THE STSTEN AS REQUIRED TO SOLATE

UPPER LIMIT OF & FEET PER SECOND.
T4, INSTALLATION OF PIPE - CARE MUST BE TAKEN DURING INSTALLATION TD PROPERLY REAM THE

6. ESTABLISH THE SYSTEM PRESSURE DROP — THE HEAD AVAILABLE IN A HIGH PRESSURE CON- ENDS OF THE FIFE TO F
DENSATE SYSTEM 15 T¥0 FOLD, WHEN THE TRAP 5 CLOSED, THE HEAD AYAILABLE (5 THE PITCH I REVEN T REBUCTION [N THE CRUI3 JECTIONAL AREA OF THE FIFE.
THE PIPE. A SYSTEW THAT IS GRADED 1-INCH IH 10 FEET WILL HAYE nm::'un 1912 - LESIIP- :.;5 15, EQUIYALEMT LEMGTH - CARE MUST BE TAXEM IH THE COMPUTATION OF OVERALL PRESSURE DROP
P51 PER 100 FEET OF WEAD AVAILABLE, WHEN THE CONDENSATE RETURH TRAP DPENS, THE PR VO ALLOW FOR FITTIMGS. A QUANTITY TAKE-OFF DF ALL VALVES AND FITTINGS IS HECESSARY TO
SURE OF THE STEAM IS AVAILABLE TO CAUSE THE COMDEMSATE TO FLOW, AND DOES, IH FACT, ACCURATELY DETERMINE THE EQUIVALENT LENGTH. IF A HORMAL AMOUNT OF FITTINGS 15 IH-
HAYE AVAILABLE PRESSURE TO ELEVATE THE CONDENSATE IF HECESSARY. IT 15 WISE TO QBTAIM YOLYED, A RULE OF THUMB OF 1.) TIMES THE MEASURED LENGTH MAY BE USED,
AS MUCH PITCH AS POSSIBLE TO FACILITATE THE RAPID REMOYAL OF CONDEMSATE OM WARMAIF;
HOWEYER, PITCHES OF 1-JNCH IH 40 FEET WILL OPERATE QUITE SATISFACTORILY WHER SUF FICIENT ". ING — WHEN THE HIGH FRESSURE CONDENSATE RETURNS ARE DISCHARGED IHTO A YEMNTED
STEAM PRESSURE §5 AVAILABLE. THE SYSTEW PRESSURE DROP WILL BE THE URIT PRESSURE DROP ERE TANK OR 5YSTEM, COMSIDERABLE RE-EVAPORATION WILL OCCUR AND STEAM WILL
TIMES THE TOTAL EQUIVALENT PIPE LENGTH. BE LOST UP THE YENT 1O ATMOSPHERE, COMSDERATION SHOULD ALWAYS BE GIVEH TO MAKING USE
OF THIS WASTE HEAT 8Y CIRCULATING THE COMDENSATE THROUGH FIN TUBE RADIATION OR UHIT
7. PITCH - AS SHOWH IH THE PRECEDING PARAGRAFH, THE PITCH IH THE FIPING CONTROLS THE HEATERS TO HEAT THE SPACE, OR THRU AMOT WATER GENERATOR TO HEAT THE DOMESTIC BOT
AMOUNT OF AYAILABLE HEAD TO CARRY AWAY THE COMDENSATE WHEW THE TRAP IS CLOSED. THIS WATER.
PITCH SHOULD MEYER BE LESS THAM 1-INCH IN 40 FEET AND SHOULD USUALLY BE ABDUT 1-IHCH -
IN 10 FEET. WHERE IT IS IMPOSSIBLE TO MEET TRESE COMDITIONS IN A CORTINUDUS RUK, AND WHEN 17. HOLDING CAP l.l‘.'l!iE ~ THERE ARE PERIODS OF TIME YHEH THE CONDEMSATE WILL RETURM TO THE
INSUFFICIEMT STEAM PRESSURE I5 AYAILABLE TO ELEVATE THE CONDEHSATE, THE CORDENSATE AT A GREATER OR LESSER RATE THAN REQUIRED TO FEED THE BOILER DUE TO '

¥WILL HAYE TO BE PUNPED BACK TO THE BOILER ROOM. COMDEMSATE GRAYITY RETURM MAIHS AND WARM-UP CONDITIONS. BECAUSE OF THESE PERIODS OF IRREGULARITY ABOUT 10-20 MINUTES OF
COMDENSATE FORCED PUMPED MAIH SHOULD HOT BE JOIHED TOGETHER. WATER STORAGE SHOULD BE PROYIDED IH THE BOILER ROOM.



ALLOWABLE FLOW RATES

FOR HIGH PRESSURE CONDENSATE PIPING

STANDARD WEIGHT STEEL PIPE
RETURN FROM 100 PSIG STEAM

ALLOWABLE FLOW RATES

FOR HIGH PRESSURE CONDENSATE PIPING

STANDARD WEIGHT STEEL PIPE
RETURN FOR 150 PSIG STEAM

FIPE SIZE FLOV RAHGE PRESSURE DROP RANGE PIPE SIZE FL 'RAMGE PRESSURE DROP RAMGE
DRY RETURMS DRY RETURNE
/" 0- 4 LBSHR 0-1.0 PSI/I0OF T. we 0~ 550 LBSHR 0-1.0 PSI/100 FT.
1" 451-  BSOLBS MR 0.30-1.0 PSI/100 FT. " 551 1, %0 LBSHR 0.30-1.0 PSL100 FT.
-1 51— 1,900 LRS/HR 0.30-1.0 P5I/100 FT. 114" 1,101- 2,300 LBS/HR 0.30-1.0 PS/100 FT.
-1/ 1.500- 3,000 LBS/HR 9.30-1.0 PSI/100 FT. b1/1" 2,301- 3,750 LBS/HR 0.30-1.0 PSI/100 FT,
ol 1,001- 4,200 LBSHR 0.30--1.0 P5I/108 FT. I 3,751- 7,600 LBSHR 0.30-1.0 PSI/100 FT.
(ol §,201- 10,500 LBS/HR 0.30-1.0 P51/100 FT. 12" 7.601- 1,775 LBSHR 0.30-1.0 PSI/100 FT.
i 10,501 19,200 LBS MR 0.30-1.0 PS/Y0 FT. L 12,776~ 23,125 LBS/HR 0.30-1.0 PSI/100 FT.
" 19, 201 40,500 LBS/HR 0.30-1.0 P51100 FT. Iy B, 12~ 49,100 LESHR 0.30-1.0 PSI/100 FT.
5" 40,501 78,000 LBSHR 0.30-1.0 P51/100 FT. ™ 43,101 91,000 LBS/HR 0.30-1.0 PSI/ %0 FT.
L 78,001-125000 LBSHR 0.30-1.0 PSL/100 FT. " 91,001-149,500 LBS/HR 0.30-1.0 PSI/100 FT.
WET RETURMS ¥ET RETURMS
I - 1,020 LBSHR 0-1.0 P51/V00 FT. w 0- 1,020 LBS/HR 010 PSI/T00 FT.
" 1021- 1,600 LBS/HR 0.30-1.0 PSLAI00 FT. " 1,021- 1,600 LBS/HR 0.30-1.0 PSI/1M0 FT.
114" 1,601- 2,850 LBS/HR 0.30-1.0 P51/100 FT. 144 1,601~ 1,850 LBS/HR 0.30-1.0 PSI/ 1M FT.
-1/ 2,851 4,700 LB5S/HR 0.30-1.0 PSI100 FT. 152" 1,851 4,700 LBS/HR 0.30-1.0 PSIA00 FT.
'y 4,701~ 9,300 LBSHR 0.30-1.0 PSI/100 FT. 2" 4701 9,300 LBSHR 0.30-1.0 P31 100 FT.
-/ §,301- 15,600 LBS/HR 0.30-1.¢ P5I100 FT. 217 9,301~ 15,600 LBS/HR 0.30-1.0 PSI'H0G FT.
™ 15,601 24,000 LBSHR 0.30-1.0 P51/100 FT. ” 15,601 24,000 LBSHR 0.0-1.0 PSI/100 FT,
” 24,001 50,000 LBSHR 0.30-1.0 P51700 FT. L 24,001- 50,000 L BS/HK 0.30-14 P3I/10% FT.
L 50,001-110,000 L BS HR 0.30-1.0 PSI/WO FT. 5 50,001-110,000 L BS/HR 0.30-1.0 PSI/T00 FT,
[ 110,001-156,000 LBS HR 0.3-1.0 PSL100 FT. & 110,001 164,000 LBS/HR 0.30-1.0 P5I/T00 FT,
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STEAM TRAPS

~team traps are an essential part of all steam systems, except one-
pipe steam heating systems. Traps discharge condensate, which
forms as steam gives up some of its heat, and direct the air and non-
condensable gases to a point of removal. Condensate forms in steam
mains and distribution piping because of unavoidable heat losses
through less-than-perfect insulation, as well as in terminal equip-
ment such as radiators, convectors, fan-coil units, and heat exchang-
ers, where steam gives up heat during normal operation. Condensate
must always be removed from the system as soon as it accumulates
for the following reasons:

» Although condensate contains some valuable heat, using this heat
by holding the condensate in the terminal equipment reduces the
heat transfer surface. It also canses other operating problems be-
cause it retains air, which further reduces heat transfer, and noncon-
densable gases such as CO,, which cause corrosion. As discussed
in the section on Steam Source, recovering condensate heat is usu-
ally only desirable when the condensate is not returned to the boiler.
Methods for this are discussed in the section on Heat Recovery.

» Steam moves rapidly in mains and supply piping, so when con-
densate accumulates to the point where the steam can push a slug
of it, sericus damage can occur from the resulting water hammer.

YYY



Ideally, the steam trap should remove all condensate promptly,
along with air and noncondensable gases that might be in the sys-
tem, with little or no loss of live steam. A steam trap is an automatic
valve that can distinguish between steam and condensate or other

------------------------------------------------

------------------------------------------------------

-----------------------------

The following points a,ppl_'f to all steam traps:

» No single type of steam trap is best suited to all applications, and
mast systems require more than one type of trap.

= Steam traps, regardless of type, should be carefully sized for the
application and condensate load to be handled, because both
undersizing and oversizing can cause serious problems. Under-
sizing can result in undesirable condensate back-up and excessive
cycling, which can lead to premature failure. Oversizing might
appear to solve this problem and make selection much easier
becanse fewer different sizes are required, but if the trap fails,
excessive steam can be lost.

~team traps should be installed between two unions to facilitate
maintenance and/or replacement.

YY¢



" <M

THERMOSTATIC
BELLOWS

THERMOSTATIC  ELEMENT

ELEMENT
ID' ¥ Hi3
T e
[ ¢ |
INLET g ¢ INLET
: A—AIR VENT :
VALVE ¢ / HH BUCKET
W= / e
VALVE AND ORIFICE T
OUTLET NLET BLOW OFF
THERMOSTATIC TRAF FLOAT AND THERMOSTATIC TRAP INVERTED BUCKET TRAF OPEN BUCKET TRAF
CHAMBER
INLET ORIFICE
ANNULAR
PASSAGE _\ _— DISK (VALVE)

RIFICE

7 INLET SCREEN 78" FLOW —
OUTLET INLET 3
& \\\},:. = &
m«/ﬁm
DISCHARGE
PORT DISK TRAP PISTON TRAP ORIFICE TRAP

Fig. 10 Steam Traps
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TYPE 662

Thermodynamic Steam Trap

Maximum Operating Pressure

42 Kgffecm?

Maximum Allowable Temperature 400 °C e &yl Sl
End Connection Screwed / Socket Weld | Jua!

Body Design Condition PN63 NN EY

Body Material Forged Stainless steel | & o
Internal Part Stainless steel SI15 Oladad

VY
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COLLECTING LEG SAME DIAMETER
AS STEAM MAIN

FOR AUTCMATIC WARMUP:
H =710 mm MINIMUM

FCOR SUPERVISED WARMUP:
STEAM FLOW H = 1.5 x PIPE DIAMETER
a MINIMUM = 200 mm

H
—l—* TO STEAM TRAP

RISE IN STEAM MAIN

\ §

COLLECTING LEG SAME
DIAMETER AS STEAM MAIN

ALTERNATIVE SIZING FOR STEAM
MAINS 150 mm AND LARGER:!
0.5 = STEAM MAIN DIAMETER,

BUT NOT LESS THAN 100 mm ¥

DIRT PGGHETK\

BLOWN DOWN VALVE

H SEEABOVE

TO STEAM TRAP

HORIZONTAL RUNS

Fig. 4 Method of Dripping Steam Mains
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CVERHEAD F{lETL!HN—\
SWING CHECK VALVE Ly
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1B SEE TEXT FOR
STEAM TRAP LIMITATIONS ON
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SEE FIGURE 8 FOR ADDITIONAL DETAILS

Fig. 5 Trap Discharging to Overhead Return

PRESSURE-REDUCING CR
DE" REGULATING VALVE

STEAM TRAF

STEAM FLOW
-

STRAINERS
TG CONDENSATE RETURN

VALVE TO PEREMIT "BLOWING DOWN™
STRAINER

SEE FIGURE & FOR
ADDITICGNAL DETAILS

Fig. ¢ Trapping Strainers
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NOTE:
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HEADER—IF
DISCHARGING TG

COMMON HEADER,

INSTALL SWING
CHECK VALVE
AFTER EACH
TRAP

.\-DIRT

POCKET

CONDEMSATE RETURN

SEE FIGURES 6, 8 AND 9 FOR ADDITIONAL DETAILS

Fig. 7 Trapping Multiple Coils
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COLLECTING—, ISOLATION VALVE SOLATION VALVE
HEG STEAM TRAP
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RETURN
DIRT
POCKET

VALVE TO PERMIT
BLOWDOWRN OF

DIRT LEG. CAN
ALSO BE USED
ASVENT ON
MANUAL
WARM-UR

INSPECTING VALVE
FOR TESTING TRAP

STRAINER BLOWDOWN VALVE.
ALS0 USED AS VENT ON
MANUAL WARM-UP

KEEF STANDARD

— DISTANCE BETWEEMN -

UNIONS FOR SIMPLE
REFLACEMENT
WHEN SERVICING

Fig.§ Recommended Steam Trap Piping
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(Inches per 100 feet)

TEMP RANGE (F) COPPER TUBING STEEL PIPE

0 0 0
50 56 37
100 1.12 76
150 1.69 1.15
200 2.27 1.55
250 2.85 1.96
300 3.45 2.38
350 4.05 2.81
400 4.65 3.25
450 .27 3.70
500 5.89 415

NOTE: Above data are based on expansion from 0°F but are suffi-

ciently accurate for all othier temperature ranges.
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Anchor Guide

Guide
——
Anchor

L-Bends

[ =6.225% VAD
F'= 500 LB./PIPE DIA. % PIPE DIA.

L = Length of Leg Required to Accommodate Thermal Expansion or Contraction
(Feet)

A = Thermal Expansion or Contraction of Long Leg (Inches)

D = Pipe Outside Diameter {Inches)

F = Force Exerted by Pipe Expansion or Contraction on Anchors and Supports (Lbs.)

See Tables in Part 32, Appendix D
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B. Z-Bends:

L

Anchor | | DX
Guide . .i“
| cuie Anchor
% s o -- —
[ L L}

=

Anchor 1o Anchor Expansion
Z2-Bends

L=4xVAD
F= 200 - 500 LB./PIPE DIA. % PIPE DIA.
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C. U-Bends or Expansion Loops:

| l I H Guide Anchar

Anchor e ]
aas S -
L P . I
Anchor 1o Anchor Expansion
U-Bends or Loops
=6.2 AD
L=6.225xVAD L c Zzg-.la )
F=200 LB./PIPE DIA. % PIPE DIA. 2 —
N \AVETR
L=2H+W g S
H=2W
L=5W
L = Length of Loop Required to Accommodate Thermal Expansion or Contraction

{Feet)

Anchor to Anchor Expansion or Contraction (Inches)

Pipe Quiside Diameter (Inches)

Force Exerted by Pipe Expansion or Contraction on Anchors and Supports {Lbs. )

See Tables in Part 32, Appendix D.
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Table11l Pipe Loop Design for AS3 Grade B Carbon Steel Fipe Throngh 2000 C

l-—w—r

e | ————

N GUIDE GUIDE B
L T N B
| N 2H - IH * |
|-¢ ANCHOR-TO-ANGHDR EXPANSION =|
Pipe Anchor-to- Anchor Expanson, mm
Nom., =0 100 150 200 250 30
0.D.,
mm W H w H w H w H W H w H
25 & 12 T I 1.1 21 1.2 24 1.4 20 I K]
s0 ne 1.2 1.2 2.4 1.5 3.0 1.7 34 1.2 37 2.1 43
=0 1.1 2.1 1.5 30 1.2 3T 2.0 4.0 2.3 4.6 2.4 49
100 1.2 2.4 1.7 34 2.0 4.0 2.5 4.6 2.8 5.2 2.7 55
150 1.5 30 2.0 4.0 2.4 49 2.7 55 30 .1 34 &7
200 1.7 34 23 4.6 27 55 32 6.4 37 T3 4.0 7o
250 1.2 3T 2.6 52 3.0 a1 35 T.0 4.0 T 4.3 2.5
3na 2.0 4.0 2.7 55 34 &.7 3.8 T.é 4.5 g5 4.7 o4
350 2.1 4.5 249 5.8 35 T.0 4.0 74 4.4 a1 40 0.2
400 2.3 4.6 30 a.1 3% 7.6 4.3 2.5 49 9.8 53 107
450 2.4 49 34 a7 4.0 T 4.6 21 52 10.4 5.6 113
00 26 5.2 35 7.0 4.5 g5 44 0.2 55 11.0 50 119
&ln 2.7 55 3.8 T.6 4.4 g8 55 0.7 50 119 .4 12.8
Potes: W ard H ciToe [eioms 2T etms. Appmdrate foree to hflent loop = 3 5 Mfroro pips harretar,
L 1= determared from Eqmbon (3. W = L/3 H=2W JZH+W=L For sxarnpls, 200 romn pipe crsates 7600 I of forcs.
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Wil 26 EF 5 AB Sk STy wsl assls 1 o ey Job oS o ST L sl olf 4G g5, b dsd (GUIDE) goloys Jolivs s-
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120 | 100 90 80 70 60 S50 40 30 20

3040 | 2800 | 2670 | 2520 | 2370 | 22101 2030|1840 | 1600 | 1340 S50
3330 | 3070129202770 2600 | 24202230 |2010]1760 1460 65
3660 | 3370 3210 | 3040 | 2860 | 2660 | 2450 | 2210|1940 11610 80
4130 | 3800 | 3620 | 3430 | 3230 | 3000 2760 | 249021801810 100
4580 | 4210 4010 | 3800 | 3570 | 33301 3060|2760 2420|2010 125
4980 | 4580 4360 | 4130 | 3880 | 3620 3530 | 300026302180 130
5650 | 51901 4950 | 4690 | 4410|4110 3780|3410 2980 | 2480 200
6280 | 577015500 | 52101 490014570 42003790 332012750 230
6820 | 62701 5970 | 5660 | 5320 | 4950 | 4560 | 4110 | 3600 | 2990 300

toein I 1} 500 3103 MPa o5 s g jlone 25 eSSl oy UG L 2a Sooglan bt 51 oV g aly) ol g gl enlinn -

a5l 193 GPa Slas )

o1
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