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CHAPTER 1. PIPING DESIGN—GENERAL

Piping characteristics that are common to normal
air conditioning, heating and refrigeration systems
are presented in this chapter. The areas discussed
include piping material, service limitations, expan-
sion, vibration, fittings, valves, and pressure losses.
These areas are of prime consideration to the design
engineer since they influence the piping life, mainte-
nance cost and first cost.

The basic concepts of fluid flow and design in-
formation on the more specialized fields such as high
temperature water or low temperature refrigeration
systems are not included; this information is avail-

GENERAL SYSTEM DESIGN

MATERIALS

The materials most commonly used in piping
systems are the following:

1. Steel — black and galvanized

2. Wrought iron — black and galvanized

3. Copper — soft and hard

Table 1 illustrates the recommended materials
for the various services. Minimum standards, as
shown, should be maintained. Table 2 contains the
physical properties of steel pipe and Table 3 lists

able in other authoritative sources.

the physical properties of copper tubing.

TABLE 1—RECOMMENDED PIPE AND FITTING MATERIALS FOR VARIOUS SERVICES

SERVICE PIPE FITTINGS
Hard copper tubing, Type L* Wrought copper, wrought brass or tinned cast brass
Skt i Steel pipe, standard wall 150 Ib welding or threaded mialleable iron
Lap welded or seamless
Hard copper tubing, Type L* Wrought copper, wrought brass or tinned cast brass
REFRIGERANTS

12, 22, 500 and 502

Liquid Line

Steel pipe, standard wall
Lap welded or seamless

300 Ib welding or threaded malleable iron

Hot Gas Line

Hard copper tubing, Type L*

Wrought copper, wrought brass or tinned cast brass

Steel pipe, standard wall
Lap welded or seamless

300 Ib welding or threaded malleable iron

CHILLED WATER

Black or galvanized steel pipet

Welding, galvanized; cast, malleable or black iron}

Hard copper tubing

Cast brass, wrought copper o wrought brass

CONDENSER OR
MAKE-UP WATER

Galvanized steel pipe

Welding, galvanized; cast or malleable iron}

Hard copper tubing T

Cast brass, wrought copper or wrought brass

DRAIN OR
CONDENSATE LINES

Galvanized steel pipe

Galvanized drainage; cast or malleable iron]

Hard eopper tubing t Cast brass, wrought copper or wrought brass
Black steel pipe Welding or cast iro
STEAM OR plpet y n}
CONDENSATE Hard copper tubing Cast brass, wrought copper or wrought brass
Black steel pipe Welding or cast iron}
HOT WATER

Hard copper tubing{

Cast brass, wrought copper or wrought brass

*Except for sizes %" and %" OD where wall thicknesses of 0.30 and 0.32 in. are required. Soft copper refrigeration tuking may be used for sizes
1%" OD and smaller. Mechanical joints must not be used with soft copper tubing in sizes larger than % ” OD.

{Normally standard wall steel pipe or Type M hard copper tubing is satisfactory for air conditioning applications. Hovrever, the piping material
selected should be checked for the design temperature-pressure ratings.

INormally 125 Ib cast iron and 150 Ib malleable iron fittings are satisfactory for the usual air conditioning application. However, the fitting material
selected should be checked for the design temperature-pressure ratings.

@ Air Conditioning Company
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TABLE 2—PHYSICAL PROPERTIES OF STEEL PIPE

NOM. OUTSIDE INSIDE WALL WEIGHT WT OF OUTSIDE INSIDE TRANS-
PIPE SCHEDULE DIAM DIAM THICK- OF WATER SURFACE SURFACE VERSE
SIZE NO.t NESS PIPE IN PIPE* AREA
(in.) (in.) (in.) (in.) (Ib/f1) (Ib/f1) (sq ft/f1) (sq ft/ft) (sq in.)
% 40(s) 405 269 068 244 0246 .106 .0705 0568
80(X) 405 215 095 314 .0157 106 0563 0364
Ve 40(s) .540 364 .088 424 0451 141 .0955 L1041
80(X) .540 .302 119 .535 .0310 141 0794 0716
% 40(s) 675 493 .091 567 0827 177 1295 1910
80(X) 675 423 126 738 0609 a77 1106 1405
v 40(s) .B40 622 .109 .850 1316 .220 1637 .3040
80(X) .840 546 147 1.087 .1013 .220 .1433 .2340
Y 40(S) 1.050 824 113 1.130 .2301 275 2168 .5330
: 80(X) 1.050 742 154 1.473 1875 275 1948 4330
. 40(s) 1.315 1.049 .133 1.678 3740 344 .2740 .B640
80(X) 1.315 957 179 2171 312 344 .2520 7190
oy 40(s) 1.660 1.380 .140 2,272 6471 434 .3620 1.495
. 80(X) 1.660 1.278 191 2.996 .5553 434 3356 1.283
1% 40(s) 1.900 1.610 145 2717 .8820 497 4213 2.036
80(X) 1.900 1.500 .200 3,631 7648 497 3927 1.767
2 40(s) 2375 2.067 154 3.652 1.452 622 .5401 3.355
80(X) 2375 1.939 218 5.022 1.279 622 .5074 2.953
2% 40(S) 2,875 2.469 .203 579 2.072 753 6462 4788
80(X) 2.875 2.323 276 7.66 1.834 753 6095 4,238
3 40(s) 3,500 3.068 216 7.57 3.20 916 .802 7.393
80(X) 3.500 2.900 .300 10.25 2.86 916 761 6.605
% 40(s) 4,000 3.548 226 9.1 4.28 1.047 929 9.89
80(X) 4.000 3.364 318 12.51 3.85 1.047 .880 8.89
4 40(S) 4.500 4,026 .237 1079 5.51 1.178 1.055 1273
80(X) 4.500 3.826 337 14.98 4,98 1.178 1.002 11.50
c 40(S) 5.563 5.047 .258 14.62 8.66 1.456 1.321 20.01
80(X) 5.563 4.813 375 20.78 7.87 1.456 1.260 18.19
P 40(s) 6.625 6.065 .280 18.97 12.51 1735 1.587 28.99
80(X) 6.625 5761 432 28.57 11.29 1735 1.510 26.07
8 40(s) 8.625 7.981 322 28.55 21.6 2.26 2.090 50.0
80(X) 8.625 7.625 .500 43.39 19.8 2.26 2.006 45.6
40(s) 10.750 10.020 365 40.48 341 2.81 2,62 78.9
10 60(X) 10.750 9.750 .500 54,70 32.4 2.81 2.55 74.7
80 10.750 9.564 .593 64.33 311 2.81 2.50 71.8
30(S) 12.750 12.090 .330 43,80 49.6 3.34 317 115.0
12 40 12.750 11.938 .406 53.53 48.5 3.34 313 11.9
(X) 12.750 11.750 .500 65.40 469 3.34 3.08 108.0
80 12.750 11.376 .687 88.51 440 3.34 2.98 101.6
30(5) 14.000 13.250 375 54,60 59.8 3.67 3.46 138.0
14 40 14.000 13.125 .438 63.37 58.5 3.67 3.44 135.3
(X) 14.000 13.000 .500 72.10 55.8 3.67 3.40 133.0
80 14.000 12.500 750 106.31 51.2 3.67 3,27 122.7
30(s) 16.000 15.250 375 62.40 79.1 4,18 3.99 183.0
16 40(X) 16.000 15.000 .500 82,77 76.5 418 3.93 1767
80 16.000 14314 .843 136.46 69.7 4.18 3.75 160.9
(s) 18.000 17.250 375 70.60 100.8 471 4,52 234.0
18 (x) 18.000 17.000 .500 93.50 98.3 471 4.45 227.0
40 18.000 16.874 .562 104.75 97.2 471 4,42 224.0
80 18.000 16.126 937 170.75 88.5 471 4.22 204.2
20(S) 20.000 19.250 375 78.60 1267 5.24 5.04 291.0
20 30(X) 20.000 19.000 .500 104.20 122.5 5.24 4,97 284.0
40 20.000 18.814 .593 122,91 120.4 5.24 493 278.0
80 20.000 17.938 1.031 208.87 109.4 5.24 470 2527
20(s) 24.000 23.250 375 94.60 184.6 6.28 6.08 426.0
24 (X) 24.000 23.000 .500 125.50 179.0 6.28 6.03 415.0
40 24.000 22,626 .687 171507 174.2 6.28 5.92 402.1
80 24.000 21.564 1.218 296.36 158.2 6.28 5.65 365.2

*To change "Wt of Water in Pipe (Ib/f)" to "Gallons of Water in Pipe (gal/ft)," divide values in table by 8.34.

S is designation of standard wall pipe.
X is designation of extra strong wall pipe.
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TABLE 3—PHYSICAL PROPERTIES OF COPPER TUBING

NOM. |OQUTSIDE WALL INSIDE TRANS- | MINIMUM | WEIGHT = WT OF | OUTSIDE
TUBE | DIAM |[STUBBS| THICK- | DIAM VERSE TEST OF WATER | SURFACE
CLASSIFICATION SIZE GAGE | NESS AREA | PRESSURE | TUBE IN TUBE*
(in.) (in.) (in.) (in.) (sq in.) (psi) (Ib/f) | (Ib/f1) (sq fi/f1)
HARD Va % 23 .025 325 083 1000 106 036 098
% Va 23 .025 450 159 1000 44 069 131
A % 22 .028 .569 .254 890 .203 110 164
Ya % 21 .032 811 516 710 .328 224 1229
1 1% 20 .035 1.055 874 600 A4 379 .295
1% 1% 19 042 1.291 1.309 590 681 .566 360
f:;,’f- Type 1V 1% 18 049 1.527 1.831 580 94 793 425
v 2 2% 17 058 2,009 3.7 520 1.46 1.372 .556
- 2% 2% 16 065 2.495 4,89 470 2.03 2.120 687
orking
Pressure 3 3% 15 072 2.981 6.98 440 2.68 3.020 818
LA 3% 14 .083 3.459 9.40 430 3.58 4,060 949
4 4V 13 095 3.935 12.16 430 4.66 5.262 1.08
5 5% 12 109 4.907 18.91 400 6.66 8.180 1.34
6 &% 122 5.881 27.16 375 8.91 11.750 1.60
8 8% 170 7.785 47.6 375 16.46 20.60 2.13
HARD % Va 19 035 430 146 1000 .198 063 131
Ya % 040 545 233 1000 .284 101 164
Y % 045 785 A84 1000 A54 209 229
1 1V 050 1.025 825 880 653 358 .295
1% 1% 055 1.265 1.256 780 882 554 .360
f;y'- Type 1% 1% 060 1.505 1.78 720 1.14 770 425
250 Lb 2 2% 070 1.985 3.094 640 175 1.338 .556
Working 2% 2% 080 2.465 477 580 2.48 2,070 687
aats 3 3% 090 2.945 6.812 550 3.33 2.975 818
3% 3% .100 3.425 9.213 530 4.29 4,000 949
4 4% 110 3.905 11.97 510 538 | 5.180 1.08
5 5% 125 4.875 18.67 460 761 | 8.090 1.34
6 6% 140 5.845 26.83 430 1020 | 11610 1.60
HARD A % 21 032 31 0746 1000 133 033 098
% i 18 049 402 127 1000 269 055 131
Y % 18 049 527 218 1000 344 094 164
Y% % 16 065 745 438 1000 541 189 229
1 % 16 065 995 778 780 839 .336 .295
1% 1% 16 065 1.245 1.217 430 1.04 526 .360
Govt. Type
ugen 1% 1% 15 072 1.481 1722 580 1.36 745 425
400 Lb 2 2% 14 083 1.959 3.014 510 2,06 1.300 556
Working 2V 2% 13 095 2.435 4.656 470 2.92 2.015 687
Frassure 3 3% 12 109 2.907 6.637 450 4.00 2.870 8.18
3 3% " 120 3.385 8.999 430 512 3.890 949
4 4% 10 134 3.857 11.68 420 6.51 5.05 1.08
5 5% 160 4.805 18.13 400 9.67 7.80 1.34
4 6% 192 5741 25.88 400 13.87 11.20 1.60
SOFT Va % 21 032 an 076 1000 133 033 098
% Va 18 049 402 27 1000 1269 055 131
Ya % 18 049 527 218 1000 344 094 164
Y % 16 065 745 436 1000 41 .189 1229
1 % 16 065 995 778 780 839 336 .295
1V 1% 16 065 1.245 1.217 630 1.04 526 360
Govt. Type
“gr 1% 1% 15 072 1.481 1.722 580 1.36 745 425
250 Lb 2 2% 14 .083 1.959 3.014 510 2.06 1.300 556
Working 2% 2% 13 095 2.435 4.656 470 2.92 2.015 687
Pressure 3 3% 12 109 2.907 6.637 450 4,00 2.870 818
% 3% 11 120 3.385 8.999 430 512 3.89 949
4 4% 10 134 3.857 11.68 420 6.51 5.05 1.08
A 5% 160 4,805 18.13 400 9.67 7.80 1.34
6 6% 192 5.741 25.88 400 13.87 1.2 1.60

*To change "Wt of Water in Tube (Ib/ft)" to "Gallons of Water in Tube (gal/ft)," divide values in table by 8.34,
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SERVICE LIMITATIONS

The sate working pressure and temperature for
steel pipe and copper tubing, including fittings, are
limited by the USAS codes. Check those codes when
there is doubt about the ability of pipe, tubing, or
fittings to withstand pressures and temperatures in a
given installation. In many instances cost can be re-
duced and over-design eliminated. For example, if
the working pressure is to be 175 psi at 250 F, a 150
psi, class A, carbon steel flange can be safely used
since it can withstand a pressure of 225 psi at 250 F.
If the code is not checked, a 300 psi flange must be
specified because the 175 psi working pressure ex-
ceeds the 150 psi rating of the 150 psi flange.

The safe working pressure and temperature for
copper tubing is dependent on the strength of the
fittings and tube, the composition of the solder used
for making a joint, and on the temperature of the
fluid conveyed. Table 4 indicates recommended serv-
ice limits for copper tubing.

EXPANSION OF PIPING
All pipe lines which are subject to changes in
temperature expand and contract. Where tempera-
ture changes are anticipated, piping members capa-
ble of absorbing the resultant movement must be
included in the design. Table 5 gives the thermal
linear expansion of copper tubing and steel pipe.
Thereare three methods commonly used to absorb
pipe expansion and contraction:
1. Expansion loops and offsets — Chart 1 shows
the copper expansion loop dimensions required
for expansion travels up to 8 inches. Chart 2
shows the sizes of expansion loops made of
steel pipe and welding ells for expansion trav-
els up to 8 inches.

TABLE 5—THERMAL LINEAR EXPANSION OF
COPPER TUBING AND STEEL PIPE

(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
200 227 1.55
250 2,85 1.96
300 3.45 2,38
350 4.05 2.81
400 4.65 3.25
450 527 3.70
500 5.89 415

MNOTE: Above data are based on expansion from 0°F but are suffi-
ciently accurate for all other temperature ranges.
Table 6 gives the minimum length from an
elbow to expansion-type supports required for
offsets in steel piping up to 5 inches. Expansion
loop sizes may be reduced by cold-springing
them into place. The pipe lines are cut short
at about 509, of the expansion travel and the
expansion loop is then sprung into place.
Thus, the loops are subject to only one-half
the stress when expanded or contracted.

2. Expansion joints — There are two types avail-
able, the slip type and the bellows type. The
slip type expansion joint has several disadvan-
tages: (a) It requires packing and lubrication,
which dictates that it be placed in an accessible
location; (b) Guides must be installed in the
lines to prevent the pipes from bending and
binding in the joint.

Bellows type expansion joints are very satis-
factory for short travels, but must be guided or

TABLE 4 —RECOMMENDED MAXIMUM SERVICE PRESSURE FOR VARIOUS SOLDER JOINTS

MAXIMUM SERVICE PRESSURE (PSI)
SOLDER USED SERVICE TEMP Water Steam
b ® Y 10 14" 1%" 1o 2%” 2% 10 4%"
Incl. Incl. Incl. All
100 200 175 150
50-50 150 150 125 100 -_
Tin-Lead 200 100 90 75 —_
250 B5 75 50 15
95-5 100 500 400 300 —
Tin-Antimony or 150 400 350 275 —
95-5 200 300 250 200 —_
Tin-Lead 250 200 175 150 15
Solders Melting At
or Above 350 270 190 155 120
1100 F

Extracted from American Standard Wrought-Copper and Wrought-Bronze Solder-Joint Fittings, (USAS B16.22), with the permission of the publisher,
The American Society of Muchanical Engineers, 29 West 39th Street, New York 18, New York,
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CHART 1—COPPER EXPANSION LOOPS

TOTAL AMOUNT
OF EXPANSION " " " " " 1" "
g I" NS 2'NS 3'NS 4'Ns  5'Ns  &'Ns 7'Ns  8'Ns
6" 4 d o 2d A /"’ ,.W"
5" |/ rd P% A D AT LA
4 H i
4" / 1] 1] il 1l ////
3;—" A 1 11 1A 60 65 70 75
1
3 / I af§%afba |*W—-T RATIO W=
A LA LA AT A
S /1 MU U ™~ RADIUS OF SOLDER TYPE
N 2% A < ELBOWS 10 COMMERCIAL
& o AT TAUA A L STANDARD'S
Iﬁl_'l / // 1 // //, =5
& LY W] EXPANSION LOOP DIMENSIONS
2" / 1 /,/ FOR A.S.T.M. B.8BSEAMLESS COPPER TUB-
_|‘ A {" / ING. BASED ON STRESS VALUES IN
" / V 11 DISTRICT HEATING SECTION OF CODE
I //( FOR PRESSURE PIPING, ASME PUBLICA-
TION USAS B31.1 — 1955,
/ e
/ “pd% PRESSURE NOT TO EXCEED 150 PS| GAGE
%" / TEMPERATURE NOT TO EXCEED 400° F,
5 10 15 20 25 30 35 40 45 50 55 L
TOTAL FOOTAGE OF PIPE IN LOOP 2H+W L R
Data from Ric-Wil Co.
CHART 2—STEEL EXPANSION LOOPS
TOTAL AMOUNT
OF EXPANSION
6" I"NS 2"NS 3"NS 4"NS 5'NS 6'NS 7'Ns  8'Ns
128 14" ve ¥ af and b
q A 1 L 11
' q 1 /// Bl /’}/
I 9 LA o
1
g Vi /// //'A ,// //’/
A L] L] I
4 q % 1
q 1 A A
| / / { // // /’/
6
b AT LM
1
g /] A AN
’ T M 60 65 70 75 B0 85 90
A1 | LA
/1 | 1] w
4 I AL itk |'_'i ratio w=4
L
N /] AL A r\
o 3% v H LONG RADIUS WELDING
W 1 L1 FITTINGS ALL ELBOW
= & a , A __,_1_ RADII 5% NOMINAL
/ A1 LM PIPE SIZE
v V]
2 ag;z" / EXPANSION LOOP DIMENSIONS
FOR AS,T.M. A53 GRADE "A" SEAMLESS
/ STEEL PIPE. BASED ON STRESS VALUES IN
1 Y M DISTRICT HEATING SECTION OF CODE FOR
1% /‘/// PRESSURE PIPING. ASME PUBLICATION USAS
B31.1 — 1955,
[HL A
% / PRESSURE NOT TO EXCEED 250 PS|, GAGE
/] // TEMPERATURE NOT TO EXCEED 500° F.
" e NS — NOT SPRUNG

5 10 ] 20 25 30 35 40 45 50 55
TOTAL FOOTAGE PIPE IN LOOP 2H+W

Data from Ric-Wil Co.
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TABLE 6—STEEL EXPANSION OFFSETS

PIPE EXPANSION OF LONGEST LEG
SiZE | 17 | 15" | 2" [2w”| 3" | 3" | 4" | an" ] 5"
2" g v e[ s e 17 e 19 [ 20

2”" ? 12 14 16 17 18 19 21 22
3" 10 13 18 17 18 19 20 22 23
4" 1 14 14 18 19 22 | 22 24 25
5" 12 15 17 19 21 23 25 27 28
[ 13 16 19 21 23 25 |27 RSN 31
8" 18 20 | 22 25 27 29 | 31 33 35
10” 20 23 24 28 30 33 | 35 38 40
127 22 26 | 2¢ 32 34 37 | 40 [ 43 45

MINIMUM FEET REQUIRED

LONG LEG
PMN FEET

NOTES:

1. Figure expansion of longest leg.

2. Find minimum feet required for
this amount of expansion from
chart. This represents the mini-
mum footage of expansion type
pipe supports required each side
of elbow.

hCHOR

MOMENT GUIDE
(STD. TYPE PIPE SUPPORT)

ANCHOR ——=t

MIN. FEET
RT LEG

Dimensions shown are for ASTM, A53, GR.B seamless steel pipe, based
on stress values in district heating section of code for pressure piping
USAS B.31.1.

Data from Ric-Wil Co.

in some other way restrained to prevent col-
lapse.

3. Flexible metal and rubber hose — Flexible
hose, to absorb expansion, is recommended for
smaller size pipe or tubing only. It is not rec-
ommended for larger size pipe since an exces-
sive length is required.

Where flexible hose is used to absorb expan-
sion, it should be installed at right angles to
the motion of the pipe.

The devices listed above are not always necessary
to absorb expansion and contraction of piping. In
fact they can be omitted in the great majority of
piping systems by taking advantage of the changes
in direction normally required in the layout. Con-
sider, for example, a heat exchanger unit and a
pump located 50 fi. apart. Sufficient flexibility is
normally assured by running the piping uf to the
ceiling at the pump and back down at the heat
exchanger, provided the piping is merely hung
from hangers and anchored only at the ends where
it is attached to the pump and the heat exchanger.

PIPING SUPPORTS AND ANCHORS

All piping should be supported with hangers that
can withstand the combined weight of pipe, pipe
fittings, valves, fluid in the pipe, and the insulation,
They must also be capable of keeping the pipe in
proper alignment when necessary. Where extreme
expansion or contraction exists, roll-type hangers
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or saddles should be used. The pipe supports must
have a smooth, flat bearing surface, free from burrs
or other sharp projections which would wear or cut
the pipe.

The controlling factor in the spacing of supports
for horizontal pipe lines is the deflection of piping
due to its own weight, weight of the fluid, piping
accessories, and the insulation. Table 7 lists the rec-
ommended support spacing for Schedule 40 pipe,
using the listed conditions with water as a fluid.

The support spacing for copper tubing is given
in Table & which includes the weight of the tubing
filled with water.

Tables 7 and & are for “dead level” piping. Water
and refrigerant lines are normally run level; steam
lines are pitched. Water lines are pitched when the
line must be drained. For pitched steam pipes, refer
to Table 22, page 82, for support spacing when
Schedule 40 pipe is used.

Unless pipe lines are adequately and properly
anchored, expansion may put excessive strain on
fittings and equipment. Anchors are located accord-
ing to job conditions. For instance, on a tall build-
ing, i.e. 20 stories, therisers could be anchored on the
bth floor and on the 15th floor with an expansion
device located at the 10th floor. This arrangement
allows the riser to expand in both directions from
the 5th and 15th floor, resulting in less pipe travel
at headers, whether they are located at the top or
bottom of the building or in both locations.

TABLE 7 —RECOMMENDED SUPPORT SPACING
FOR SCHEDULE 40 PIPE

NOMINAL PIPE SIZE DISTANCE BETWEEN SUPPORTS

(in.) (1)

Y- 1% 8

1% - 2% 10

3 - 3% 12

4 - 6 14

8 -12 16

14 - 24 20

TABLE 8 —RECOMMENDED SUPPORT SPACING
FOR COPPER TUBING

TUBE OD DISTANCE BETWEEN SUPPORTS
(in.) (f1)
% 3
h - 1% 8
1% - 2% 10
2% - 5% 12
6% - 8% 14
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On smaller buildings, i.e. 5 stories, risers are
anchored but once. Usually this is done near the
header, allowing the riser to grow in one direction
only, either up or down depending on the header
location.

The main point to consider when applying pipe
support anchors and expansion joints is that expan-
sion takes place on a temperature change. The
greater the temperature change, the greater the ex-
pansion. The supports, anchors and guides are ap-
plied to restrain the expansion in a desired direction
so that trouble does not develop because of neg-
ligent design or installation, For example, if a take-
off connection from risers or headers is located close
to floors, beams or columns as shown in Fig. I, a
change in temperature may cause a break in the
take-off with subsequent loss of fluid and flooding
damage. In this figure trouble develops when the
riser expands greater than dimension “X.” Proper
consideration of these items is a must when design-
ing piping systems.

VIBRATION ISOLATION OF PIPING SYSTEMS

The undesirable effects caused by vibration of
the piping are:

1. Physical damage to the piping, which results
in the rupture of joints. For refrigerant piping,
loss of refrigerant charge results.

2. Transmission of noise thru the piping itself
or thru the building construction where piping
comes into direct contact.

It is always difficult to anticipate trouble resulting
from vibration of the piping system. For this rea-
son, recommendations made toward minimizing the
effects of vibration are divided into two categories:

1. Design consideration — These involve design
precautions that can prevent trouble effec-
tively.

FLOOR

L

777

D

Fi6. 1 — TAke-0FF Too CLose To FLoor
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2. Remedies or repairs — These are necessary
where precautions are noi. taken initially or,
in a minority of cases, where the precautions
prove to be insufficient.

Design Considerations for Vibratior Isolation

1. In all piping systems vibraiion has an originat-
ing source. This source it usually a moving
component such as a water pump or a com-
pressor. When designing to eliminate vibra-
tion, the method of supporting these moving
components is the prime consideration. For
example:

a. The weight of the mass supporting the
components should be heavy enough to
minimize the intensity of the vibrations
transmitted to the piping and to the sur-
rounding structure. The heavier the stabi-
lizing mass, the smaller the intensity of the
vibration.

b. Vibration isolators can «Iso be used to mini-
mize the intensity of vibration.

c. A combination of both methods may be
required.

2. Piping must be laid out to that none of the
lines are subject to the push-pull action result-
ing from vibration. Push-pull vibration is best
dampened in torsion or beniding action.

3. The piping must be suppcrted securely at the

proper places. The supports should have a
relatively wide bearing surface to avoid a
swivel action and to prevent cutting action on
the pipe.
The support closest to the source of vibration
should be an isolation hanger and the succeed-
ing hangers should have :solation sheaths as
illustrated in Fig. 2, page 8. Non-isolated
hangers (straps or rods attached directly to the
pipe) should not be used on piping systems
with machinery having moving parts.

4. The piping must not touch any part of the
building when passing thru walls, floors, or
furring. Sleeves which con:ain isolating mate-
rial should be used wherever this is anticipated.
Isolation hangers should be used to suspend
the piping from walls and ceilings to prevent
transmission of vibration t the building.
Isolation hangers are also used where access to
piping is difficult after instz1lation.

5. Flexible hose is often of value in absorbing
vibration on smaller sizes cf pipe. To be effec-
tive, these flexible connectors are-installed at
right angles to the directicn of the vibration,
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Where the vibration is not limited to one
plane or direction, two flexible connectors are
used and installed at right angles to each other.
The flexible hose must not restrain the vi-
brating machine to which it is attached. At the
opposite end of the hose or pair of hoses, a
rigid but isolated anchor is secured to the
connecting pipe to minimize vibration.
Generally, flexible hose is not recommended in
systems subjec: to pressure conditions. Under
pressure they hecome stiff and transmit vibra-
tion in the saine manner as a straight length
of pipe.

Flexible hose is not particularly efficient in
absorbing vibration on larger sizes of pipe.
Efficiency is impaired since the length-to-
diameter ratio must be relatively large to ob-
tain full flexikility from the hose. In practice
the length which can be used is often limited,
thus reducing its flexibility.

Remedies or Repairs for Vibration Isolation After
Installation

1. Relocation of the piping supports by trial and
error tends to dampen extraordinary pipe vibra-
tion. This relocation allows the piping to take
up the vibration in bending and helps to cor-
rect any vibrations which cause mechanical
resonance.

2. If relocation of the pipe supports does not
eliminate the noise problem caused by vibra-
tion, there are several possible recommenda-
tions:

a. The pipe may be isolated from the support
by means o cork, hair felt, or pipe insula-
tion as shown in Fig. 2.

PART 3. PIPING DESIGN

b. A weight may be added to the pipe before
the first fixed support as illustrated in Fig. 3.
This weight adds mass to the pipe, reducing
vibration.

c. Opposing isolation hangers may be added.

FITTINGS

Elbows are responsible for a large percentage of
the pressure drop in the piping system. With equal
velocities the magnitude of this pressure drop de-
pends upon the sharpness of the turn. Long radius
rather than short radius elbows are recommended
wherever possible.

When laying out offsets, 45° ells are recommended
over 90° ells wherever possible. See Fig. 4.

Tees should be installed to prevent “bullheading”
as illustrated in Fig. 5. “Bullheading” causes tur-
bulence which adds greatly to the pressure drop and
may also introduce hammering in the line. If more
than one tee is installed in the line, a straight
length of 10 pipe diameters between tees is recom-
mended. This is done to reduce unnecessary turbu-
lence.

To facilitate erection and servicing, unions and
flanges are included in the piping system. They are
installed where equipment and piping accessories
must be removed for servicing.

The various methods of joining fittings to the
piping are described on page 12.

GENERAL PURPOSE VALVES

An important consideration in the design of the
piping system is the selection of valves that give
proper performance, long life and low maintenance.

VA AP AT 0 0 9 A Y AT A Y B VA )
S SOLATION [~ FIXED
HANGER HANGER
i |
\-WEEGHT
ADDED

PUMP

Fic. 3 — WEIGHT AppED TO DAMPEN VIBRATION
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RECOMMENDED

ACCEPTABLE

Fic. 4 — OFFsETs TO Avoid OBSTRUCTIONS

The design, construction and material of the valve
determines whether or not it is suited for the partic-
ular application. Table 9 is for quick reference in
sclecting a valve for a particular application. There

NO.|
“BULLHEADING"- DO NOT USE

-——

|

NO.2
PREFERABLE TO NO. |

— T -
NO.3
PERMISSIBLE

—

I

NO. 4
FREFERABLE TO NO. 3

Fi6. 5 — TEEs

are six basic valves which are commonly used in
piping systems. These are gate, globe, check, angle,

“Y” and plug cock.

TABLE 9—GENERAL PURPOSE VALVES

WATER STEAM REFRIGERANT*
VALVE CONSTRUCTION
A. Bonnet and body connections
1. Threaded Satisfactory Satisfactory (Low Press) Not Recommended
2. Union Satisfactory Satisfactory Not Recommended
3. Bolted Satisfactory Satisfactory Satisfactory
4. Welded Satisfactory Satisfactory (High Press) Satisfactory
5. Pressure-seal Satisfactory Satisfactory Satisfactory
B. Valve stem, operation
1. Rising stem, outside screw Satisfactory Satisfactory Satisfactory
2. Rising stem, inside screw Satisfactory Satisfactory Satisfactory
3. Non-rising stem, inside screw Satisfactory Not Recommended Mot Recommended

(non-corrosive brines)

4. Sliding stem Satisfactory Satisfactory Mot Recommended
C. Valve connections to pipe
1. Screwed Satisfactory Satisfactory Not Recommended
2. Welded Satisfactory Satisfactory Recommended
3. Brazed Satisfactory Satisfactory (Low Temp) Recommended
4. Soldered Satisfactory Satisfactory (Low Temp) Satisfactory
5. Flared Satisfactory Satisfactory Satisfactory
6. Flanged Satisfactory Satisfactory Satisfactory
{non-corrosive brines)
DISC CONSTRUCTION
Gate Valve
1. Solid wedge Satisfactory Satisfactory Not Recommended
2, Split wedge Satisfactory Satisfactory Not Recommended
3. Flexible wedge Satisfactory Recommended Mot Recommended

4. Double disc, parallel seat

Satisfactory

Not Recommended

MNot Recommended

Globe, Angle, “Y" Valve

1. Plug disc Satisfactory Satisfactory Satisfactory
2. Conventional (Narrow-seat) Satisfactory Mot Recommended Satisfactory
3. Needle valve Satisfactory Satisfactory Satisfactory
4. Composition disc Satisfactory Satisfactory (Low Press) Satisfactory
Plug Cock Valve Satisfactory Satisfactory MNot Recommended

*For Refrigerants 12, 22, 500 and 502 only.

@ Air Conditioning Company
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Each valve has a definite purpose in the control
of fluids in the system.

Before discussing the various valve types, the
construction details that are similar in all of the
valves are presented. These construction details are
made available to familiarize the engineer with the
various aspects of valve selection.

VALVE CONSTRUCTIDON DETAILS

Bonnet and Body Connections

The bonnet and body connections are normally
made in five different designs, namely threaded,
union, bolted, welced and pressure-seal. Each de-
sign has its own particular use and advantage.

1. Threaded bonnets are recommended for low
pressure service. They should not be used in a
piping system where there may be frequent
dismantling and reassembly of the valve, or
where vibration, shock, and other severe con-
ditions may stiain and distort the valve body.
Threaded bonnets are economical and very
compact. Fig. 6 illustrates a threaded or
screwed-in bonnet and body connection in an
angle valve.

2. Union bonnet and body construction is il-
lustrated in Fiy. 7. This type of bonnet is nor-
mally not made in sizes above 2 in. because it
would require an extremely large wrench to
dismantle. A union bonnet connection makes
a sturdy, tight joint and is easily dismantled
and reassembled.

\— HANDWHEEL

RISING STEM—

(INSIDE SCREW) (RISES WITH STEM)
PACKING NUT
WITHOUT GLAND
SCREWED

THREADED BONNET\

SCREWED

NARROW SEAT DISC =S

(CONVENTIONAL)

FLOW

Fi16. 6 — ANGLE VALVE

HAND WHEEL /

(RISES WITH STEM)

RISING STEM

PACKING NUT
WITH GLAND

SCREWED UNION
RING EONNET

Fi16. 7 — GLOBE VALVE

. Bolted bonnets are used on practically all large

size valves; they are also available for small
sizes. This type of joint is readily taken apart
or reassembled. The bolted bonnet is practical
for high working pressure and is of rugged,
sturdy construction. Fig. § is a gate valve il-
lustrating a typical bolted bonnet and body
valve construction.

. Welded bonnets are used on small size steel

valves only, and then usually for high pressure,
high temperature steam service (Fig.9). Welded
bonnet construction is difficult to dismantle

RISING STEM
(OUTSIDE SCREW

bl g HANDWHEEL
~— ; (DOES NOT RISE
PR E N WITH STEM)

>

BOLTED ;
GLAND\
BOLTED
SOLID WEDGE BONNET

DISC

o BT
I

[

FLANGED
/" ENDS

F16. 8 — GATE VALVE (RISING STEM)

Figures 6-10, courtesy of Crane Co.
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BOLTED
GLAND

WELDED
BONNET

Fic. 9 — WELDED BONNET CONSTRUCTION

and reassemble. For this reason these valves
are not available in larger sizes.

. Pressure-seal bonnets are for high temperature
steam. Fig. 10 illustrates a pressure-seal bonnet
and body construction used on a gate valve.
Internal pressure keeps the bonnet joint tight.
This type of bonnet construction simplifies
“making” and “breaking” the bonnet joint in
large high pressure valves.

HANDWHEEL
(DOES NOT RISE WITH STEM)
RISING STEM

(OUTSIDE SCREW) BOLTED GLAND

PRESSURE-SEAL
BONNET

FLEXIBLE WEDGE

DIsC WELDING

END

Fic. 10 — FLEXIBLE WEDGE Disc (GATE VALVE)
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Valve Stem Operation

In most applications the type of stem operation
does not affect fluid control. However, stem con-
struction may be important where the need for in-
dication of valve position is required or where head
room 1is critical. There are four types of stem con-
struction: rising stem with outside screw; rising
stem with inside screw; non-ris:ng stem with inside
screw; and sliding stem (quick opening).

L

Rising stem with outside screw is shown in
Fig. 8. The gate valve illustrated in this figure
has the stem threads outside of the valve body
in both the open and closed position. Stem
threads are, therefore, not subject to corrosion,
erosion, sediment, and gulling from extreme
temperature changes caused by elements in the
line fluid flow. However, since the valve stem
is outside the valve body, it is subject to dam-
age when the valve is open. This type of stem
is well suited to steam and high temperature,
high pressure water service. A rising stem re-
quires more headroom then a non-rising stem.
The position of the stem indicates the position
of the valve disc. The stem can be easily lubri-
cated since it is outside the valve body.

. Rising stem with inside screw is probably the

most common type founc in the smaller size
valves. This type of stem is illustrated in an
angle valve in Fig. 6, and in a globe valve in
Fig. 7. The stem turns and rises on threads
inside the valve body. The position of the stem
also indicates position of the valve disc. The
stem extends beyond the bonnet when the
valve is open and, therefore, requires more
headroom. In addition it ;s subject to damage.

. Non-rising stem with inside screw is generally

used on gate valves. It is undesirable for use
with fluids that may corrode or erode the
threads since the stem is in the path of flow.
Fig. 11 shows a gate valve that has a non-rising
stem with the threads inside the valve body.
The non-rising stem feature makes the valve
ideally suited to applications where headroom
is limited, Also, the stem cannot be easily dam-
aged. The valve disc position is not indicated
with this stem.

Sliding stem (quick opening) is useful where
quick opening and closing is desirable. A lever
and sliding stem is used which is suitable for
both manual or power opzration as illustrated
in Fig. 12. The handwheel and stem threads
are eliminated.
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;4]/— BOLTED GLAND

£
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=

HANDWHEELE

|
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P |

NON-RISING STEM

BOLTED BONNET (INSIDE SCREW)
SOLID WEDGE

DISC

FLOW — —>

/-SCREWED ENDS

Fi. 11 — GATE VALVE (NON-RISING STEM)

Pipe Ends and Valve Connections

It is important tc specify the proper end connec-
tion for valves and fittings. There are six standard
methods of joints available. These are screwed,
welded, brazed, soldered, flared, and flanged ends,
and are described ir the following:

1.

Screwed ends are widely used and are suited
for all pressures. To remove screwed end valves

CLAMP TYPE
/BOLTED BONNET

FLANGED
ENDS

Fi6. 12 — SLipING STEM GATE VALVE

6.

and fittings from the line, extra fittings (unions)
are required to avoid dismantling a consider-
able portion of the piping. Screwed end con-
nections are normally confined to smaller pipe
sizes since it is more difficult to make up the
screwed joint on large pipe sizes. Fig. 7 is a
globe valve with screwed ends that connect to
pipe or other fittings.

. Welded ends are available for steel pipe, fit-

tings, and valves. They are used widely for all
fitting connections, but for valves they are
used mainly for high temperature and high
pressure services. They are also used where a
tight, leak-proof connection is required over
a long period of time. The welded ends are
available in two designs, butt weld or socket
weld. Butt weld valves and fittings come in all
sizes; socket weld ends are usually limited to
the smaller size valves and fittings. Fig. 10
illustrates a gate valve with ends suitable for
welding.

. Brazed ends are designed for brazing alloys.

This type of joint is similar to the solder joint
but can withstand higher temperature service
because of the higher melting point of the
brazing alloy. Brazing joints are used princi-
pally on brass valves and fittings.

. Soldered ends for valve and fitting are re-

stricted to copper pipe and also for low pressure
service. The use of this type of joint for high
temperature service is limited because of the
low melting point of the solder.

. Flared end connections for valves and fittings

are commonly used on metal and plastic tub-
ing. This type of connection is limited to pipe
sizes up to 2 in. Flared connections have the
advantage of being easily removed from the
piping system at any time.

Flanged ends are higher in first cost than any
of the other end connections. The installation
cost is also greater because companion flanges,
gaskets, nuts and bolts must be provided and
installed. Flanged end connections, although
made in small sizes, are generally used in
larger size piping because they are easy to
assemble and take down. It is very important
to have matching flange facing for valves and
fittings. Some of the common flange facings arc
plain face, raised face, male and female joint,
tongue and groove joint, and a ring joint.
Flange facings should never be mixed in mak-
ing up a joint. Fig. § illustrates a gate valve
with a flanged end.
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GATE VALVES

A gate valve is intended for use as a stop valve.
It gives the best service when used in the fully open
or closed position. Figures 8 and 10 thru 14 are typi-
cal gate valves commonly used in piping practice.

An important feature of the gate valve is that
there is less obstruction and turbulence within
the valve and, therefore, a correspondingly lower
pressure drop than other valves. With the valve
wide open, the wedge or disc is lifted entirely out
of the fluid stream, thus providing a straight flow
area thru the valve.

Disc Construction

Gate valves should not be used for throttling flow
except in an emergency. They are not designed for
this type of service and consequently it is difficult
to control flow with any degree of accuracy. Vibra-
tion and chattering of the disc occurs when the valve
is used for throttling. This results in damage to the
seating surface. Also, the lower edge of the disc may
be subject to severe wire drawing effects. The wedge
or disc in the gate valve is available in several
lorms: solid wedge, split wedge, flexible wedge, and
double disc parallel seat. These are described in the
following:

1. Solid wedge disc is the most common type. It
has a strong, simple design and only one part.
This type of disc is shown in Figs. 8 and 11. It
can be installed in any position without danger
of jamming or misalignment of parts. It is sat-
isfactory for all types of service except where
the possibility of extreme temperature changes
exist. Under this condition it is subject to
sticking.

2. Split wedge disc is designed to prevent stick-
ing, but it is subject to undesirable vibration
intensity. Fig. 13 is a typical illustration of this
type of disc.

3. Flexible wedge disc construction is illustrated
in Fig. 10. This type of disc is primarily used
for high temperature, high pressure applica-
tions and where extreme temperature changes
are likely to occur, It is solid in the center
portion and flexible around the outer edge.
This design helps to eliminate sticking and
permits the disc to open easily under all con-
ditions.

4. Double disc parallel seat (Fig. 14) has an in-
ternal wedge between parallel discs. Wedge
action damage at the seats is minimized and
transferred to the internal wedge where rea-
sonable wear does not prevent tight closure.

@ Air Conditioning Company

313

RISING STEM

>~
~—HANDWHEEL
(INSIDE SCREW)

(RISES WITH STEM)

-PACKING NUT
WITH GLAND

~SCREWED
/ BONNET

SPLIT WEDGE
DISC

| SCREWED
ENDS

Fi16. 13 — SpLiT WEDGE D1sc (GATE VALVE)

The parallel sliding motion of the discs tends
to clean the seating surlaces and prevents
foreign material from being wedged between
disc and seat.

Since the discs are loosely supported except
when wedged closed, this design is subject to
vibration of the disc assembly parts when par-
tially open.

—~HANDWHEEL
(DOES NOT RISE
WITH STEM)

BOLTED GLAND—
\

RISING STEM
I . toutsioe screw)

BOLTED BONNET

PARALLEL
Disc

INTERNAL
WEDGE

FLANGED

ENDS

Fic. 14 — DousLE Disc PARALLEL SEAT
(GATE VALVE)

Figures 11-14, courtesy of Crane Co.
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When used in steam service, the closed valve
may trap steamn between the discs where it con-
denses and creates a vacuum, This may result
in leakage at the valve seats.

GLOBE, ANGLE AND “Y" VALVES

These three valves are of the same basic design,
use and construction. They are primarily intended
for throttling service and give close regulation of
flow. The method of valve seating reduces wire
drawing and seat erosion which is prevalent in gate
valves when used for throttling service.

The angle or “Y" valve pattern is recommended
for full flow service since it has a substantially
lower pressure drop at this condition than the globe
valve. Another advantage of the angle valve is that
it can be located 10 replace an elbow, thus elimi-
nating one fitting.

Fig. 7, page 10, is a typical illustration of a globe
valve, and Fig. 6, puge 10, shows an angle valve. The
“Y” valve is illustrated in Fig. I5.

Globe, angle and “Y” valves can be opened or
closed substantially faster than a gate valve because
of the shorter lift »f the disc. When valves are to
be operated frequently or continuously, the globe
valve provides the more convenient operation. The
seating surfaces of the globe, angle or “Y” wvalve
are less subject to 'wear and the discs and seats are
more easily replaced than on the gate valve.

Disc Construction

There are severzl different disc and seating ar-
rangements for globe, angle and “Y” valves, each of
which has its own use and advantage. The different
types are plug dis:, narrow seat (or conventional
disc), needle valve, and composition disc.

1. The plug disc has a wide bearing surface on a
long, tapered disc and matching seat. This type
of construction offers the greatest resistance to
the cutting effects of dirt, scale and other
foreign matter. The plug type disc is ideal for
the toughest flow control service such as throt-
tling, drip anc drain lines, blow-off, and boiler
feed lines. It /s available in a wide variety of
pressure temperature ranges. Fig. 7, page 10,
shows a plug disc seating arrangement in a
globe valve.

2. Narrow seat (cr conventional disc) is illustrated
in an angle valve in Fig. 6. This type of disc
does not resist wire drawing or erosion in
closely throttlzd high velocity flow. It is also
subject to erosion from hard particles. The
narrow seat disc design is not applicable for
close throttlings.

- HANDWHEEL
( (RISES WITH STEM)
e

PACKIN
AT G NUT

RISING STEM
/( INSIDE SCREW)

COMPOSITION DISC

SCREWED
BONNET—

Courtesy of Jenkins Bros.

Fic. 15 — “Y” VALVE

3. Needle valves, sometimes referred to as expan-

sion valves, are designed to give fine control of
flow in small diameter piping. The disc is
normally an integral part of the stem and has
a sharp point which fits into the reduced area
seat opening. Fig. 16 is an angle valve with
a needle type seating arrangement.

. Gomposition disc is adaptable to many services
by simply changing the material of the disc.
It has the advantage of being able to seat tight
with less power than the metal type discs. It is
also less likely to be damaged by dirt or foreign
material than the metal disc. A composition
disc is suitable to all moderate pressure services
but not for close regulating and throttling.
Fig. 15 shows a composition disc in a “Y” valve.
This type of seating design is also illustrated
in Fig. 19 in a swing check valve and in Fig. 20
in a lift check valve.

HANDWHEEL RISING STEM
(RISES WITH STEM) (INSIDE SCREW)
PACKING NUT
(WITHOUT GLAND)
" SCREWED
BONNET
sk e
([T
J NEEDLE DISC
L)

SCREWED END

FiG. 16 — ANGLE VALVE WiTH NEEDLE Disc
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PLUG COCKS

Plug cocks are primarily used for balancing in a
piping system not subject to frequent changes in
flow. They are normally less expensive than globe
type valves and the setting cannot be tampered with
as casily as a globe valve.

Plug cocks have approximately the same line loss
as a gate valve when in the fully open position.
When partially closed for balancing, this line loss
increases substantially. Fig. 17 is a lubricated type
plug valve.

REFRIGERANT VALVES

Refrigerant valves are back-seating globe valves
of either the packed or diaphragm packless type.
The packed valves are available with either a hand
wheel or a wing type seal cap. The wing type seal
cap is preferable since it provides the safety of an
additional seal.

Where frequent operation of the valve is re-
quired, the diaphragm packless type is used. The
diaphragm acts as a seal and is illustrated in the
“Y"” valve construction in Fig. /8. The refrigerant
valve is available in sizes up to 134 in. OD. For
larger sizes the seal cap type packed valve is used.

CHECK VALVES

There are two basic designs ol check valves, the
swing check and the lift check.

The swing check valve may be used in a hori-
zontal or a vertical line for upward flow. A typical
swing check valve is illustrated in Fig. 19. The flow
thru the swing check is in a straight line and with-
out restriction at the seat. Swing checks are gen-
erally used in combination with gate valves.

Courtesy of Walworth Co.

Fic. 17 — Pruc Cock
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Fic. 19 — Swinc CHECK VALVE
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—— COMPOSITION DISC

™~ SCREWED END

Fic. 20 — LirT CHECK VALVE

The lift check operates in a manner similar to

that of a globe valve and, like the globe valve, its
flow is restricted as illustrated in Fig. 20. The disc
is seated by backflow or by gravity when there is no
flow, and is free to rise and fall, depending on the
pressure under it. The lift check should only be
installed in horizontal pipe lines and usually in
combination with globe, angle and “Y" valves.

Figures 16, 18- 20, courtesy of Crane Co.
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SPECIAL SERVICE VALVES

There are several types of valves commonly used
in different piping applications that do not neces-
sarily fall into the classification of general purpose
valves. Expansion, relief, and solenoid valves are
some of the more common special purpose valves.

A relief valve is held closed by a spring or some
other means and is designed to automatically relieve
the line or container pressure in excess of its setting.
In general a relief valve should be installed wherever
there is any danger of the fluid pressure rising above
the design working pressure of the pipe fittings
or pressure vessels.

PART 3. PIPING DESIGN

VALVE AND FITTING PRESSURE LOSSES

To properly design any type of piping system
conveying a fluid, the losses thru the valves and
fittings in the system must be realistically evaluated.
Tables have been prepared for determining these
losses in terms of equivalent length of pipe. These
values are then used with the correct friction chart
for the particular fluid flowing thru the system.

Table 10 gives valve losses with screwed, flanged,
{lared, welded, soldered, or brazed connections.

Table 11 gives fitting losses with screwed, flanged,
lared, welded, soldered, or brazed connections.

Table 12 lists the losses for special types of fittings
sometimes encountered in piping applications.

TABLE 10—VALVE LOSSES IN EQUIVALENT FEET OF PIPE*
Screwed, Welded, Flanged, and Flared Connections

o 0 SWING LIFT
GLOBE} 60°-Y 45°.y ANGLEt | GATEtt CHECK} Y-TYPE STRAINERY} | e
NOMINAL | ( N ’
PIPE
OR
TUBE
SIZE 45°0R 60°
(in.) 7
o
Flanged Screwed
End End
% 17 8 6 6 0.6 5 = —
% 18 9 7 7 07 6 — 3
% 22 1 9 9 0.9 8 = 4 Globe &
1 29 15 12 12 1.0 10 — 5 V‘{i'f':"'
1% a8 20 15 15 1.5 14 — 9 i
1% 43 24 18 18 1.8 16 - 10 Globe
2 55 30 24 24 2.3 20 27 14 Valve**
2% 49 35 29 29 2.8 25 28 20
3 84 43 35 35 3.2 30 42 40
3% 100 50 4 41 4.0 35 48 =
4 120 58 47 47 4.5 40 40 —
5 140 71 58 58 3 50 80 =
6 170 88 70 70 7 40 110 =
8 220 15 85 85 3 80 150 =
10 280 145 105 105 12 100 190 —
12 320 165 130 130 13 120 250 - Angle Lift
14 3460 185 155 155 15 135 — — Same as
16 410 210 180 180 17 150 — — Angle
18 460 240 200 200 19 165 - - Valve
20 520 275 235 235 22 200 = —
24 610 320 265 265 25 240 — —

*Losses.are for all valves: in fully open position and strainers clean.
tThese losses do not apply to valves with needle point type seats.
Losses also apply to the in-line, ball type check valve.

**For "Y" pattern globe lift check valve with seat approximately equal to the nominal pipe diameter, use values of 40° "Y" valve for loss.

T1Regular and short pattern plug cock valves, when fully open, have same loss as gate valve. For valve losses of short pattern plug cocks above

& ins, check manufacturur,

11For .045 thru 3/16 in. perforations with screens 50% clogged, loss is doubled.
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TABLE 11—FITTING LOSSES IN EQUIVALENT FEET OF PIPE

Screwed, Welded, Flanged, Flared, and Brazed Connections

SMOOTH BEND ELBOWS ,SMOOTH BEND TEES
90° 90° Long 90° 45° 45° 180° Flow-Thru S'raight-Thru Flow
NOMINAL * * * * *
PIPE Sid Rad.t Street Std Street Std Branch No Radiead |l RediEad
OR Reduction Va VA
TUBE I
i = | e
| B i
=, =
]
£ 1.4 0.9 2.3 0.7 1.1 2.3 2.7 0.9 1.2 1.4
Ya 1.6 1.0 2.5 0.8 1.3 2.5 3.0 1.0 1.4 1.6
Ya 2.0 1.4 3.2 0.9 1.6 32 4.0 1.4 1.9 2.0
1 2.6 1.7 4.1 1.3 B 4.1 5.0 1.7 2.3 2.6
1% 3.3 23 5.6 1.7 3.0 5.6 7.0 2.3 3.1 33
1% 4.0 2.6 6.3 Al 3.4 6.3 8.0 2.6 3.7 4.0
2 5.0 3.3 B.2 2.6 4.5 8.2 10 3.3 4.7 5.0
2% 6.0 4.1 10 3.2 5.2 10 12 4.1 5.6 6.0
3 7.5 5.0 12 4,0 6.4 12 15 5.0 7.0 7.5
3 9.0 59 15 4.7 7.3 15 18 5.9 8.0 9.0
4 10 6.7 17 5.2 B.5 17 21 6.7 9.0 10
5 13 8.2 21 6.5 11 21 25 8.2 12 13
6 16 10 25 7.9 13 25 30 10 14 16
8 20 13 — 10 —_ 33 40 13 18 20
10 25 16 —_ 13 — 42 50 16 23 25
12 30 19 —_— 16 — 50 60 19 26 30
14 34 23 — 18 — 55 68 23 30 34
16 38 26 — 20 — 62 78 26 35 38
18 42 29 — 23 —_ 70 85 29 40 42
20 50 33 -— 26 — 81 100 33 44 50
24 60 40 — 30 — 94 115 40 50 60

MITRE ELBOWS
(-] o L] o
NOMINAL 90° Ell 60° EIl 45° ENl 30° Ell
PIPE
OR
TUBE é
SIZE
(in.)
% 2.7 1.1 0.6 0.3
A 3.0 1.3 07 0.4
3% 4.0 1.6 0.9 0.5
1 5.0 2.1 1.0 07
1% 7.0 3.0 1.5 0.9
1% 8.0 3.4 1.8 1.1
2 10 4.5 2.3 1i3
2% 12 5.2 2.8 1.7
3 15 6.4 3.2 2.0
3% 18 7.3 4.0 2.4
4 21 8.5 4.5 2.7
5 25 1 6.0 3.2
6 30 13 7.0 4.0
8 40 17 9.0 5.1
10 50 21 12 7.2
12 60 25 13 8.0
14 68 29 15 9.0
16 78 31 17 10
18 85 37 19 n
20 100 41 22 13
24 15 49 25 16

*R/D approximately equal to 1. TR/D approximately equal to 1.5.

@ Air Conditioning Company
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TABLE 12—SPECIAL FITTING LOSSES IN EQUIVALENT FEET OF PIPE

SUDDEN ENLARGEMENT* d/D SUDDEN CONTRACTION* d/D SHARP EDGE* PIPE PROJECTION*
Va l Ya I Ya Ya I Va I Ya Entrance Exit Entrance Exit
NOM.
PIPE
OR =
TUBE == ——d bd—] | )-
(in.)
% 1.4 0.8 0.3 0.7 0.5 0.3 1.5 8 1.5 1.1
Ya 1.8 1.1 0.4 0.9 0.7 0.4 1.8 1.0 1.8 153
Ya 2.5 1.5 0.5 1.2 1.0 0.5 2.8 1.4 2.8 2.2
1 3.2 2.0 0.7 1.6 1.2 0.7 3.7 1.8 3.7 27
1% 4.7 3.0 1.0 23 1.8 1.0 5.3 2.6 53 4.2
1% 5.8 3.6 1.2 2.9 2.2 1.2 6.6 3.3 6.6 5.0
2 8.0 4.8 1.6 4.0 3.0 1.6 9.0 4.4 9.0 6.8
2% 10 6.1 2.0 5.0 3.8 2.0 12 5.6 12 8.7
3 13 8.0 2.6 6.5 4.9 2.6 14 7.2 14 1
3l 15 9.2 3.0 7.7 6.0 3.0 17 8.5 17 13
4 17 1 3.8 9.0 6.8 38 20 10 20 16
5 24 15 5.0 12 9.0 5.0 27 14 27 20
é 29 22 6.0 15 11 6.0 33 19 33 25
8 — 25 8.5 — 15 8.5 47 24 47 35
10 — 32 11 — 20 11 60 29 60 44
12 — 41 13 — 25 13 73 37 73 57
14 — — 16 - — 16 86 45 86 66
16 — — 18 - — 18 26 50 96 77
18 — — 20 - — 20 115 58 115 90
20 — - — - — — 142 70 142 108
24 —_ — — — — — 163 83 163 130

*Enter table for losses at smallest diameter "d."
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CHAPTER 2. WATER PIPING

This chapter presents the principles and cur-
rently accepted design techniques for water piping
systems used in air conditioning applications. It also
includes the various piping arrangements for air
conditioning equipment and the standard accessories
found in most water piping systems.

The principles and techniques described are
applicable to chilled water and hot water heating
systems. General piping principles and techniques
are described in Chapter 1.

WATER PIPING SYSTEMS
Once-Thru and Recirculating

The water piping systems discussed here are di-
vided into once-thru and recirculating types. In a
once-thru system water passes thru the equipment
only once and is discharged. In a recirculating sys-
tem water is not discharged, but flows in a repeating
circuit from the heat exchanger to the refrigeration
equipment and back to the heat exchanger.

Open and Closed

The recirculating system may be classified as open
or closed. An open system is one in which the water
flows into a reservoir open to the atmosphere; cool-
ing towers, air washers and collecting tanks are
examples of reservoirs open to the atmosphere. A
closed system is one in which the flow of water is
not exposed to the atmosphere at any point. This
system usually contains an expansion tank that is
open to the atmosphere but the water area exposed
is insignificant.

Water Return Arrangements

The recirculating system is further classified ac-
cording to water return arrangements, When two
or more units of a closed system are piped together,
one of the following piping arrangements may be
used:

1. Reverse return piping.

2. Reverse return header with direct return risers.

3. Direct return piping.

If the units have the same or nearly the same
pressure drop thru them, one of the reverse return
methods of piping is recommended. However, if the
units have different pressure drops or require bal-
ancing valves, then it is usually more economical
to use a direct return.

Reverse return piping is recommended for most
closed piping applications. It is often the most
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economical design on new construction. The length
of the water circuit thru the supply and return
piping is the same for all units. Since the water cir-
cuits are equal for each unit, the major advantage
of a reverse return system is that it seldom requires
balancing. Fig. 21 is a schematic: sketch of this system
with units piped horizontally znd vertically.

There are installations where it is both inconveni-
ent and economically unsound to use a complete
reverse return water piping system. This sometimes
exists in a building where the first floor has previ-
ously been air conditioned. To avoid disturbing the
first floor occupants, reverse return headers are lo-
cated at the top of the buildiag and direct return
risers to the units are used. Fig. 22 illustrates a
reverse return header and direct return riser piping
system.

In this system the flow rate is not equal for all
units on a direct return riser. The difference in flow
rate depends on the design pressure drop of the
supply and return riser. This difference can be re-
duced to practical limits. The pressure drop across
the riser includes the following: (1) the loss thru the
supply and return runouts from. the riser to the unit,
(2) the loss thru the unit itself, and (3) the loss thru

1
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the fittings and valves. Excessive unbalance in the
direct supply and return portion of the piping sys-
tem may dictate the need for balancing valves-or
orifices.

To eliminate balancing valves, design the supply
and return pressurc drop equal to one-fourth the
sum of the pressur: drops of the preceding Items
1,2 and 3.

Direct return piping is necessary for open piping
systems and is recorimended for some closed piping
systems. A reverse 1eturn arrangement on an open
system requires piping that is normally unnecessary,
since the same atmospheric conditions exist at all
open points of the «ystem. A direct return is recom-
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RETURN
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| | !
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PART 3. PIPING DESIGN

mended for a closed recirculating system where all
the units require balancing valves and have different
pressure drops. Several fan-coil units piped together
and requiring different water flow rates, capacities
and pressure drops is an example of this type of
system.

The direct return piping system is inherently
unbalanced and requires balancing valves or orifices,
and provisions to measure the pressure drop in order
to meter the water flow. Although material costs are
lower in this system than in the two reverse return
systems, engineering cost and balancing time often
offset this advantage. Fig. 23 illustrates units piped
vertically and horizontally to a direct return.

CODES AND REGULATIONS

All applicable codes and regulations should be
checked to determine acceptable piping practice for
the particular application. Sometimes these codes
and regulations dictate piping design, limit the
pressure, or qualify the selection of materials and
equipment.

WATER CONDITIONING

Normally all water piping systems must have ade-
quate treatment to protect the various components
against corrosion, scale, slime and algae. Water treat-
ment should always be under the supervision of a
water conditioning specialist. Periodic inspection of
the water is required to maintain suitable quality.
Part 5 of this manual contains a discussion of the
various aspects of water conditioning including
cause, effect and remedies for corrosion, scale, slime
and algae.

WATER PIPING DESIGN

There is a friction loss in any pipe thru which
water is flowing. This loss depends on the following
[actors:

1. Water velocity 3. Interior surface roughness

2. Pipe diameter 4. Pipe length

System pressure has no effect on the head loss of
the equipment in the system. However, higher than
normal system pressures may dictate the use of
heavier pipe, fittings and valves along with specially
designed equipment.

To properly design a water piping system, the
engineer must evaluate not only the pipe friction
loss but the loss thru valves, fittings and other equip-
ment. In addition to these friction losses, the use
of diversity in reducing the water quantity and
pipe size is to be considered in designing the water
piping system.
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PIPE FRICTION LOSS

The pipe friction loss in a system depends on
water velocity, pipe diameter, interior surface rough-
ness and pipe length. Varying any one of these fac-
tors influences the total friction loss in the pipe.

Most air conditioning applications use either steel
pipe or copper tubing in the piping system. The fric-
tion loss based on the Darcy-Weisbach formula is
presented in Charts 3 thru 5 in this chapter.

Charts 3 and 4 are for Schedule 40 pipe up to 24
in. in diameter. Chart 3 shows the friction losses for
closed recirculation piping systems. The friction
losses in Chart 4 are for open once-thru and for open
recirculation piping systems.

Chart 5 shows friction losses for Types K, L and M
copper tubing when used in either open or closed
water systems.

These charts show water velocity, pipe or tube
diameter, and water quantity, in addition to the
friction rate per 100 ft of equivalent pipe length.
Knowing any two of these factors, the other two can
be easily determined from the chart. The effect of
inside roughness of the pipe or tube is considered
in all these values.

The water quantity is determined from the air
condijtioning load and the water velocity by pre-
determined recommendations. These two factors are
used to establish pipe size and friction rate.

Charts 3 thru 5 are shaded to indicate velocities
above 15 fps and friction rates above 10 ft per 100
ft of length. It is normally good practice not to ex-
ceed these values.

Water Velocity

The velocities recommended for water piping
depend on two conditions:

1. The service for which the pipe is to be used.

2. The effects of erosion.

Table 13 lists recommended velocity ranges for
different services. The design of the water piping
system is limited by the maximum permissible flow
velocity. The maximum values listed in Table 13
are based on established permissible sotind levels of
moving water and entrained air, and on the effects
of erosion.

Erosion in water piping systems is the impinge-
ment on the inside surface of tube or pipe of rapidly
moving water containing air bubbles, sand or other
solid matter. In some cases this may mean complete
deterioration of the tube or pipe walls, particularly
on the bottom surface and at the elbows.

Since erosion is a function of time, water velocity,
and suspended materials in the water, the selection

@ Air Conditioning Company

TABLE 13—RECOMMENDED 'WATER VELOCITY

SERVICE VELOCITY RANGE (fps)
Pump discharge 8-12
Pump suction q -7
Drain line 4-7
Header 4-15
Riser 3-10
General service 5-10
City water 3.7

of a design water velocity is a matter of judgment.
The maximum water velocities presented in Table
14 are based on many years of experience and they
insure the attainment of optirnum equipment life
under normal conditions.

Friction Rate

The design of a water piping system is limited by
the friction loss. Systems using city water must have
the piping sized so as to provide the required flow
rate at a pressure loss within the pressure available
at the city main. This pressure or {riction loss is to
include all losses in the system, s condenser pressure
drop, pipe and fitting losses, static head, and water
meter drop. The total system pressure drop must be
less than the city main presiure to have design
water flow.

A recirculating system is sized to provide a reason-
able balance between increased pumping horsepower
due to high friction loss and increased piping first
cost due to large pipe sizes. In large air conditioning
applications this balance point is often taken as a
maximum friction rate of 10 ft of water per 100 ft
of equivalent pipe length.

In the average air conditioaing application the
installed cost of the water piping exceeds the cost
of the water pumps and motort. The cost of increas-
ing the pipe size of small pipe 0 reduce the friction
rate is normally not too great, whereas the installed
cost increases rapidly when the size of large pipe
(approximately 4 in. and larger) is increased. Smaller
pipes can be economically sized at lower friction
rates (increasing the pipe size) than the larger pipes.
In most applications economic considerations dic-
tate that larger pipe be sized for higher flow rates

TABLE 14—MAXIMUM WATER VELOCITY
TO MINIMIZE EROSION

NORMAL OPERATION WATER VELOCITY
he/year (fps)
1500 15
2000 14
3000 18
4000 12
6000 10
8000 8
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PART 3. PIPING DESIGN

CHART 5—FRICTION LOSS FOR CLOSED AND OPEN PIPING SYSTEMS
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and pressure drops than smaller pipe which is sized
for lower pressure drops and flow rates.

Exceptions to this general guide often occur. For
example, appearance or physical limitations may
dictate the use of small pipes. This is often done for
short runs where the total pressure drop is not
greatly influenced.

Each system should be analyzed separately to
determine the economic balance between first cost
(pipe size, pump and motor) and operating cost
(pressure drop, pump and motor).

Pipe Length

To determine the friction loss in a water piping
system, the engineer must calculate the straight
lengths of pipe and evaluate the additional equiva-
lent lengths of pipe due to fittings, valves and other
clements in the piping system. Tables 10, 11 and 12
give the additional equivalent lengths of pipe for
these various components. The straight length of
pipe is measured to the centerline of all fittings and
valves (Fig. 24). The equivalent length of the com-
ponents must be added to this straight length of
pipe.

WATER PIPING DIVERSITY

When the air conditioning load is determined for
cach exposure of a building, it is assumed that the
exposure is at peak load. Since the sun load is at
a maximum on one exposure at a time, not all of
the units on all the exposures require maximum
water flow at the same time to handle the cooling
load. Units on the same exposure normally require
maximum flow at the same time; units on the
adjoining or opposite exposures do not. Therefore,
if the individual units are automatically controlled
to vary the water quantity, the system water quantity
actually required during normal operation is less
than the total water quantity required for the peak
design conditions for all the exposures. Good engi-
neering design dictates that the water piping and
the pump be sized for this reduced water quantity.

The principle of diversity allows the engineer to

evaluate and calculate the reduced water quantity.
In all water piping systems two conditions must be
satisfied before diversity can be applied:

I. The water flow to the units must be auto-
matically controlled to compensate for varying
loads.

2. Diversity may only be applied to piping that
supplies units on more than one exposure.

Figure 25 is a typical illustration of a header lay-

out to which diversity may be applied. In this il-
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lustration the header piping supplies all four
exposures. Assuming that the units supplied are
automatically controlled, diversity is applied to the
west, south and east exposures only. The last leg or
exposure is never reduced in water quantity or pipe
size since it requires full flow at some time during
operation to meet design condit .ons.

Figure 26 illustrates another layout where diver-
sity may be used to reduce pipe size and pump
capacity. In this illustration diversity may be applied
to the vertical supply and return headers and also to
the supply and return branch headers at each floor.
Diversity is not applied to pipe section 7-8 of both
the supply and return vertical aeaders. In addition

w PLAN VIEW E

Fic. 25 — Heaper PrpiNeG
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the south leg of the return piping and the west leg
of the supply piping on each floor must be full size.

In any water piping system with automatically
controlled units, the water requirements and pump
head pressure varies. This is true whether or not
diversity is applied. However the water requirements
and pump head vary considerably more in a system
in which diversity i not considered.

In a system in ‘which diversity is not applied,
greater emphasis is required for pump controls to
prevent excessive noise being created by throttling
valves or excessive water velocities. In addition, since
the system never requires the full water quantity
for which it is designed, the pump must be either
throttled continuously, or bypassed, or reduced in
size.

It is good practice, therefore, to take advantage
of diversity to reduce the pipe size and pump capac-
ity. Chart 6 gives the diversity factors which are
used in water pipirg design. Example I illustrates
the use of Chart 6.

Example 1 — Diversity Factors for Water Piping Headers
Given:

Water piping layout as illustrated in Fig, 27.
Find:

1. Diversity factor to he applied to the water quantity.
2. Water quantities in header sections.

PART 3. PIPING DESIGN

Solution:

I. Pump A supplies north and west exposure but diversity
can he applied to north exposure only. The total gpm in
pump A circuit is 280 gpm and the accumulated gpm
in the north exposure is 160 gpm. The ratio of accumu-
lated gpm to the total water quantity in the circuit is:

160
280~ 97
Enter Chart 6 at the ratio .57 and read the diversity
factor .785.
Pump B circuit has a ratio for the east exposure of:
120
5go = 43

Entering Chart 6 at the ratio of 43, the diversity factor
is read as .725.

2. The following table illustrates how the diversity factors
are applied to the maximum water quantities to obtain
the design water quantities.

PUMP “A” CIRCUIT

Max . i Design

Section Quantity Diversity Quantity

(gpm) Factor (gpm)
A-R1 280 .785 220
R1-R2 260 785 204
R2-R3 240 785 188
R3-R4 220 7185 173
R4-R5 200 785 157
R5-R6 180 L7185 141
R6-R7 160 785 126
R7-R8 140 785 (110)120*
R8-RY 120 1.00 120
R9-R10 100 1.00 100
RI0-RI11 80 1.00 80
RI1-R12 60 1.00 60
RI12-R13 40 1.00 40
R13-R14 20 1.00 20

PUMP “B” CIRCUIT

Max . . Design
Section Quantity Diversity Quantity
Factor

(gpm) (gpm)
B-R28 280 125 203
R28-R27 260 7125 188
R27-R26 240 7125 174
R26-R25 220 725 160
R25-R24 200 725 (145) 160*
R24-R23 180 725 (130) 160*
R23-R22 160 1.00 160
R22-R21 140 1.00 140
R21-R20 120 1.00 120
R20-R19 100 1.00 100
RI19-R18 80 1.00 80
RI8-R17 60 1.00 60
R17-R16 40 1.00 40
RI16-R15 20 1.00 20

*When applying diversity, the design water quantity in
the last section of the exposure is usually less than the
water quantity in the first section on the adjoining ex-
posure. When this occurs, the water quantity in the last
section or last two sections is increased to equal the
water quantity in the first section of the next exposure.
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CHART 6—DIVERSITY FACTORS
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In Example I pump “A” is selected for 220 gpm
and pump “B" is selected for 203 gpm. The pipe sizes gC— 9 Ry k9
in the r?orth and east exposures are rfzduced using s lau .- nsel 20
the design gpm, whereas the pipes in the south w VIEW E
and west exposures are selected full size. 20_|RI2 R25| 20|
20_|Ri3 R24| 20
Example 2 and 3 illustrate the economics involved
. . ors] - 20_IR14 R23| 20
when applying d.lversxty. Example 2. shows a typical N TR T TR
header layout with one pump serving all four ex- \ | | [ I
posures. The header is sized without diversity. = = = B = x a8 9

S

LExample 3 is the same piping layout but diversity
is used to size the header. Fic. 27 — SuppLy WATIR HEADER
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Example 2 — Sizing F eader Using No Diversity

Given:

A building with a closed recirculation water piping system
using a horizontal h:ader and vertical risers as illustrated

in Fig. 28.

Maximum flow to each riser — 20 gpm
Schedule 40 pipe and fittings.

Elbows, R/D — 1
Expected length of operation — 6000 hours

Find:
1. Design header water velocity
2. Water quantity for pump selection
3. Header pipe size and pump friction head

Solution:

l. Design water velocity for sizing the headers is determined
from Tables 13 and 14.
Maximum water velocity — 7 fps

2. Maximum water quantity required when no diversity
is applied is 360 gpm. Pump is selected for 360 gpm.

3. The table below gives the header pipe sizes and pump
friction head when no diversity is applied.

Example 3 — Sizing Header Using Diversity
Given:
Same piping layout as in Example 2 and Fig. 28.
Maximum flow to each riser — 20 gpm
Schedule 40 pipe and fittings
Elbows, R/D =1
Expected length of operation — 6000 hours
Maximum design velocity — 7 fps (Example 2)

Find:
1. Diversity factor for each exposure
2. Design gpm for each header section
3. Water quantity for pump selection
4. Header pipe size and pump friction head

WATEE | PIPE LENGTH FITTING TOTAL FRICTION | FRICTION
) QUAN- | SIZEf | BETWEEN EQUIV- EQUIV- LOSSt HEAD
HEADER TITY TAKE- | FITTINGS ALENT ALENT (ft of water
SECTION OFFS LENGTH* | LENGTH per 100
(gpm) (in.) (ft) (ft) (ft) equiv ft) (ft of water)

ToRI 360 5 27 2-ells 26 53.0 2.3 1.22

RI-R2 840 5 18 1-tee 8.2 26.2 2.0 53

R2-R$ 320 5 20 1-tee 8.2 28.2 1.8 51

R3-R4 300 5 20 1-tee 8.2 28.2 1.6 45

R4-R5 280 4 20 1-red. tee 120 32,0 4.4 1.41
R5-R6 260 4 8 1-tee 6.7

l-ell 10.0 24.7 3.8 94

R6-R7 240 4 20 1-tee 6.7 26.7 8.2 85

R7-R8 220 4 20 1-tee 6.7 26.7 2.7 a2

R8-R9 200 4 20 1-tee 6.7 26.7 2.3 62
R9-R10 180 4 8 1-tee 6.7

L-ell 6.0 20.7 2.1 43

RI0-RII 160 3 20 1-red. tee 9.0 29.0 5.5 1,59

RII-RI12 140 3 20 I-tee 5.0 25.0 1.6 L.15

RIZ-R13 120 3 20 I-tee 5.0 25.0 52 80

RIS-R14 100 3 20 1-tee 5.0 25.0 25 63
RI14-RI5 80 8 8 1-tee 5.0

1-ell 7.5 20.5 1.6 33

RI5-R16 60 2 20 1-red. tee 7.0 27.0 6.8 1.84

RI6-R17 40 2 20 1-tee 3.3 23.3 3.2 5

RI7-RI8 20 114 20 1-red. tee 5.0 25.0 6.5 1.62

Pump friction head} 16.39

*Fitting losses are de ermined from Table 11. For reducing tees enter Table 11 at the larger diameter.

tFriction rate and pipe size are determined from Chart 3 not exceeding the maximum design water velocity (7 fps).

tPump friction head does not include losses for valves. strainers, etc., which must be included in the actual design.
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Solution: MAXIMUM DESIGN
1. Chart 6 is used with the ratio of accumulated gpm in HEADER WATER DEVER- WATER
the exposure to the total pump gpm, in order to deter- SECTION | QUANTITY FAé:l;YOR QUANTITY
mine the diversity factors, The following table illustrates (gpm) (gpm)
the method of determining diversity factors. (First ex- ToRI 360 67 240
posure listed is always first exposure served by pump.) RI-R2 340 67 997
R2-R3 320 67 214
N T Rem | om | |
EXPO- WATER | —————— SITY " £ -
SURE | QUANTITY L FACTOR R5-R6 260 76 197
(gpm) PIME GEM R6-R7 240 76 182
North 100 1007360 = 28 67 s e % la 52)1125*
East 80 180,360 = .50 76 w51t o T ol
South 100 280/360 = .78 .89 L
West 80 360/360 = 1.00 1.00 RI10-R11 160 .89 142
RI11-RI12 140 .89 124
9. The diversity factor found in Step I is applied to the ﬁ}g:g:i :gg gg lgg
maximum water quantity in each header section to RI4RI5 80 1200 80
establish the design gpm for sizing the header. The table =
at right gives the design water quantity for the various R15-R16 60 1.00 60
header sections. RI16-R17 40 1.00 40
RI17-R18 20 1.00 20

3. The design water quantity required for pump selection ] ) '

when diversity is applied is 240 gpm. *When applying diversity, the cesign water quantity in
the last section of the exposurc is usually less than the
design water quantity in the firs: section of the adjoining
exposure. When this occurs, the water quantity in the

Jast section or last two sections is increased to equal the

4. The design water quantity found in Step 2 is used in
sizing the header pipe and in establishing the pump
friction head. The table below illustrates the header pipe

sizing: water quantity in the first section of the next exposure.
DESIGN | PIPE LENGTH FITTING TOTAL FRICTION FRICTION
WATER | SIZEf BETWEEN EQUIV- EQUIV- LCSSt HEAD
HEADER QUAN- TAKE- FITTINGS ALENT ALENT (ft of water
SECTION TITY OFFS LENGTH* LENGTH per 100
(gpm) (in.) (ft) (fr) (ft) equiv ft) (Et of water)

To R1 240 4 27 2-ells 20.0 47.0 34 1.60

RI1-R2 227 4 18 1-tee 6.7 24.7 0 74

R2-R3 214 4 20 1-tee 6.7 26.7 2.7 72

R3-R4 201 4 20 1-tee 6.7 26.7 2.3 .61

R4-R5 197 4 20 1-tee 6.7 26.7 2.3 61
R5-R6 197 4 8 1-ell 10.0

1-tee 6.7 24.7 03 57

R6-R7 182 4 20 1-tee 6.7 26.7 2.0 i)

R7-R8 167 4 20 1-tee 6.7 26.7 8 48

R8-R9 160 3 20 1-red. tee 9.0 29.0 6 1.62
R9-R10 160 3 8 1-ell 7.5

1-tee 5.0 20.5 .6 1.15

RI10-R11 142 3 20 1-tee 5.0 25.0 ‘L5 102

RII-RI2 124 3 20 1-tee 5.0 25.0 3.5 87

RI2-R13 106 3 20 1-tee 5.0 25.0 2.7 68

R13-R14 90 3 20 1-tee 5.0 25.0 2.0 .50
R14-R15 80 3 8 1-ell 7.5

1-tee 5.0 20.5 1.6 .33

R15-R16 60 2 20 1-red. tee 7.0 27.0 3.8 1.84

R16-R17 40 2 20 1-tee 3.3 23.3 52 75

R17-R18 20 14 20 1-red. tee 5.0 25.0 5.5 1.63

Pump friction headf 16.35

*Fitting losses are determined from Table /1. For reducing tee enter Table 11 at the larger diameter.
+Friction rate and pipe size are determined from Chart 3 with the water velocity not exceeding 7 fps.
+Pump friction head does not include losses for valves, strainers, etc., which must be included in the actual design.
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Examples 2 and 3 indicate that the following
reductions in pipe and fitting size can be made when
diversity is used:

1. 57 ft of 5 in. pipe replaced with 4 in. pipe.

2. 28 ftof 4 in. pipe replaced with $ in. pipe.

3. 8 fittings reduced 1 size.

In addition the pump can be selected for 240 gpm
instead of 360 gpm which is approximately a 14
reduction. Other areas where a reduction in size is
possible are:

I. Pipe and fitting:. in the return piping header.

2. Valves, unions, couplings, strainers and other

clements located in the supply and return
headers.

PUMP SELECTION

Pumps are selected so that there is no sustained
rise in pressure when the water flow is throttled,
Systems having considerable throttling have the
pump selected on the flat portion of the *“head-
versus-flow” curve.

Normally, new installed pipe has less than design
friction and, therefor-e, the pump delivers greater
gpm than design and requires more horsepower.
For this reason a centrifugal pump is always selected
for the calculated pumnp head without the addition
of safety factors. If the pump is selected for the
calculated head plus safety factors, the pump must
handle a larger water quantity. When this occurs
and provision is not made to throttle or bypass the
excess water flow, the possibility of pump motor
overload exists.

Again, if the pump is selected for maximum
water quantity and diversity is not applied, the
water flow must be throttled. This increases the
pump head.

SYSTEM ACCESSORIES AND LAYOUT

This section discustes the function and selection
of piping accessories and describes piping layout
techniques for coils, condensers, coolers, air washers,
cooling towers, pumps and expansion tanks.

ACCESSORIES
Expansion Tanks

An expansion tank is used to maintain system
pressure by allowing the water to expand when the
water temperature increases, and by providing a
method of adding weter to the system. It is nor-
mally required in a closed system but not in an
open system; the reservoir in an open system acts
as the expansion tank.

PART 3. PIPING DESIGN

The open and closed expansion tanks are the
two types used in water piping systems. Open ex-
pansion tanks are open to the atmosphere and are
located on the suction side of the pump above the
highest unit in the system. At this location the tank
provides atmospheric pressure at or above the pump
suction, thus preventing air leakage into the system.
The static head on the pump due to the expansion
tank must be greater than the friction drop of the
water in the pipe from the expansion line con-
nection to the pump suction. In Fig. 29 the static
head 4B must be greater than the friction loss in
line AC. Adding any accessories such as a strainer
in line AC increases the friction drop in AC and
results in raising the height of the expansion tank.
To keep the height of the tank at a reasonable level,
accessories should be placed at points 1 and 2 in
Fig. 29. At these designations the friction loss in
line AC is not affected.

The following procedure may be used to deter-
mine the capacity of an open expansion tank:

1. Calculate the volume of water in the piping,

from Tables 2 and 3, pages 2 and 3.

2. Calculate the volume of water in the coils and
heat exchangers.

5. Determine the percent increase in the volume
of water due to operating at increased tempera-
tures from Table 15,

4. Expansion tank capacity is equal to the percent
increase from Table 15 times the total volume
of water in the system.

The closed expansion tank is used for small or
residential hot water heating systems and for high
temperature water systems. Closed expansion tanks
are not open to the atmosphere and operate above

L EXPANSION TANK

@ * PUMP

Fic. 29 — STRAINER LocATION IN WATER PIPING
SYSTEM
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TABLE 15—EXPANSION OF WATER

(Above 40 F)
TEMP VOLUME TEMP VOLUME
INCREASE INCREASE
(F) (%) (F) (%)
100 K] 275 6.8
125 1.2 300 8.3
150 1.8 325 9.8
175 2.8 350 1.5
200 3.5 375 13.0
225 4.5 400 15.0
250 5.6

atmospheric pressure. Air vents must be installed
in the system to vent the air. Closed expansion tanks
are located on the pump suction side of the system
to permit the pump suction to operate at or near
constant pressure. Locating the expansion tank at
the pump discharge is usually not satisfactory. All
pressure changes caused by pump operation are sub-
tracted from the original static pressure. If the
pressure drop below the original static is great
enough, the system pressure may drop to the boiling
point, causing unstable water circulation and pos-
sible pump cavitation, If the system pressure drops
blow atmospheric, air sucked in at the air vents can
collect in pockets and stop water circulation.

The capacity of a closed expansion tank is larger
than an open expansion tank operating under the
same conditions. ASME has standardized the calcu-
lation of the capacity of closed expansion tanks. The
capacity depends on whether the system is operating
above or below 160 F water temperature.

Water temperatures below 160 F use the following
formula to determine the tank capacity:

ExV
Vp=_——" %
' Pﬂ_Pu

7P,

where: ¥, = minimum capacity of the tank (gallons).

E = percent increase in the volume of water
in the system (Table 15).

Vs = total volume of water in the system
(gallons).

P, = pressure in the expansion tank when
water first enters, usually atmospheric
pressure (feet of water absolute).

P, = initial fill or minimum pressure at the
expansion tank (feet of water absolute).

P, = maximum operating pressure at the ex-
pansion tank (feet of water absolute).

When the system water temperature is between
160 and 280 F, the following equation is used to
determine the expansion tank capacity:

@ Alir Conditioning Company

v (0.00041 ¢ — 0.0466) V,
s P,
B B
where { = maximum average operating temp (F).

Strainers

The primary function of a strainer is to protect
the equipment. Normally strainers are placed in the
line at the inlet to pumps, control valves or other
types of equipment that should be protected against
damage. The strainer is selected for the design capac-
ity of the system at the point where it is to be in-
serted in the line. Strainers for pump protection
should be not less than 40 mesh and be made of
bronze. On equipment other than pumps the manu-
facturer should be contacted to determine the de-
gree of strainer protection necessary. For example, a
control valve needs greater protection than a pump
and, therefore, requires a finer mesh strainer.

Thermometers and Gages

Thermometers and gages «re required in the
system wherever the design engineer considers it
important to know the water :emperature or pres-
sure, The following temperatures and pressures are
usually considered essential:

1. Water temperature entering and leaving the

cooler and condenser.

2. Pump suction and discharge pressure.

3. Spray water temperature znd pressure entering

the air washer.

Water thermometers are usually selected for an
approximate range of 30 F to 200 F; they should be
equipped with separable well. and located where
they can be easily read.

Pressure gages are selected so that the normal
reading of the gage is near the midpoint of the
pressure scale.

Air Vents

Air venting is an important aspect in the design
of any water system. The major portion of the air
is normally vented thru the open expansion tank.

Air vents should be installed in the high points
of any water system which cannot vent back to the
open expansion tank. Systems using a closed expan-
sion tank require vents at all high points. Runoff
drains should be provided at each vent to carry
possible water leakage to a suitable drain line.

PIPING LAYOUT

Each installation has its own problems regarding
location of equipment, interference with structural
members, water and drain locztions, and provision




for service and replicement. ‘T'he following guides
are presented to familiarize the engineer with ac-
cepted piping practice:

1. Shut-off valves are installed in the entering
and leaving piping to equipment. These are
normally gate valves. This arrangement per-
mits servicing or replacing the equipment
without draining the entire system. Occasion-
ally a globe valve is installed in the system to
serve as one of _he shut-off valves and in addi-
tion is used to balance water flow. Most often
it is located at the pump discharge. In a close
coupled system the shut-off valves may be
omitted if the time and expense required to
drain the system is not excessive. This is a
matter of economics, the first cost of the valves
versus the cost of new water treatment and
time spent in draining the system.

2. Systems using screwed, welded or soldered
joints require unions to permit removal of the
equipment for servicing or replacement. If gate
valves are used to isolate the equipment in
the system, unions are placed between the
equipment and each gate valve. Unions are
also located belore and after control valves,
and in the branch of a three-way control valve.
It is good practice to locate the control valve
between the equipment and the gate valve
used to shut off flow to the equipment. This
permits removal of the control valve from the
system without draining the system. By lo-
cating the control valve properly, it is possible
to eliminate the unions required for removal
of the equipment. If the system uses flanged
valves and fittings, the need for unions is elimi-
nated.

3. Strainers, thermometers and gages are normally
located between the equipment and the gate
valves used to shut off the water flow to the
equipment.

The following piping diagrams are illustrated
with screwed connections. However, flanged, welded
or soldered connections may be used. These layouts
have been simplifiec to show various principles
involved in piping pre.ctice.

Water Coils
Figures 30 thru 36 illustrate typical piping lay-
outs for chilled water coils in a closed piping system.
The coil layout illustrated in Fig. 30 contains a
three-way mixing valve. This valve, located at the
cooling coil outlet, miintains a desired temperature
by proportioning autcmatically the amount of water
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flowing thru the coil or thru the bypass. It is regu-
lated by a temperature controller. Gage cocks are
usually installed in both the supply and return lines
to the coil. This permits pressure gages to be con-
nected to determine pressure drop thru the coil.
The plug cock is manually adjusted to set the
pressure drop thru the coil.

Figure 31 illustrates an alternate method of pip-
ing a water coil. The plug cock shown is used to
adjust manually the water flow for a set pressure
drop thru the coil. The pressure drop is determined
by connecting pressure gages to the gage cocks. In
this piping layout control of the leaving air tempera-
ture from the coil is maintained within a required
range since normally the entering water is controlled
to a set temperature. Often an air bypass around the
coil is used to maintain final air temperature.

I'igure 32 illustrates a multiple coil arrangement.
Piping connections for drain and vent lines for the
coil are included and should be 14 in. nominal pipe
size. The same principles covered in Figs. 30 and 31
are applicable to multiple coil arrangements.

A globe valve may be substituted for the plug
cock and gate valve combination in the return lines
in Figs. 30, 31 and 32. In this arrangement the globe
valve is used to balance the pressure drop thru the
coil, and also to shut off the water when servicing
is required. However, it has disadvantages that

PLUG COCK/
A

MIXING VALVE
\ sUPL
*AI/[%_’ ——
[ == TO CHILLED

WATER MAINS

THREE - WAY

GATE VALVE

FLANGE OR UNION RASECOCKS

! {NOTE 1)
DIRT LEG \
(§ oo "'""“‘-‘\
|
L

R

CAPS St

NOTE: Flange or union is located so coil may be
removed.

CAPS FOR BLOWOUT

Fi16. 30— CHiLLED WATER PrriNG For CoILs
(AuromaTic CONTROL)
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should be considered. First, the valve setting is
not fixed and, therefore, can be changed acci-
dentally; secondly, the valve must be reset whenever
it is used to shut off the flow.

Capped tees are provided on coils as a means of
blowing out the water when the system is drained
for freeze protection.

The use of a gate valve with a hose bib should be
considered in the dirt leg when floor drains are re-
mote in relation to the unit, The bib makes it
possible to connect a hose to the dirt leg for draining
the coil. The dirt leg has a 74 in. nominal minimum
diameter, should be approximately 18 in. long and
be located at an accessible servicing point. A gate
valve is preferred in the dirt leg because sediment
passes thru it more freely than thru a globe valve.

Figure 33 illustrates multiple coil units piped
with vertical risers. This is a common approach to
air conditioning multi-room, multi-story buildings.
The units are connected to common supply and re-
turn risers which pass thru the floors of the building.
A dirt leg is required at the bottom of each riser
as shown in Fig, 33.

Gate valves are recommended as illustrated to
permit servicing without disturbing the remainder
of the system. On very small systems these valves
may be omitted.

PLUG COC/K

TO CHILLED
WATER MAINS

GATE VALVE

FLANGE OR UNION
{NOTE I)

DIRT LEG
( g-'oo mm" e

do)
capsl—"

CAPS FOR BLOWOUT

NOTES:
1. Flange or union is located so coil may be removed.
2. Plug cock is used for adjusting flow thru coil.

Fic. 31 — CHILLED WATER P1pinG ForR CoILS
(MaNuUAL CONTROL)
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A

GATE
VALVE

VENT COCK —]
A
g* RETURN
il l /~ THERMOMETER
| WELL
I /I \SUPPLY
}r/

I
I
)G};E DIRT LEG

jar y'//ﬂftrmm

3’\‘-— GATE VALVE
Sl o :
GATE VALVE
;,//(i-/
P

PLUG COCK /JA/
b
b
(

/

B e
P

OPTIONAL
C.APS

” .
**--# DRAIN LINE
k/’&OPTIONlL

NOTES:
1. Plug cock is used to adjust pressure drop thru coil.
2. All valves shown are gate valves.

Fic. 32 — CHILLED WATER PIPING FOR
MuvTtirLE CoiLs

RETURN

/» GATE VALVE

GATE VALVE 7

é}"'“ LEG
S (Fop MmNy

SUPPLY

&

GATE VALVE WITH HOSE BIB

/

NOTES:

1. Headers are pitched upward in the direction of
water flow so that air can be vented thru the ex-
pansion tank.

2. Supply and return runouts to ithe coil should have
flared connections if runouts are soft copper. Other-
wise unions or flanges are instal ed to facilitate serv-
icing units.

Fic. 33 — PipiNG LAYOUT 1'OR VERTICAL
MurTirLE Coiis
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Figures 34, 35 and 36 show typical piping layouts
for multiple units in a horizontal installation. The
principle difference in the three systems is the num-
ber of shut-off valves (gate) and take-offs from the
header. Since the header is located under the floor,
each take-off must ]pass thru the floor. Therefore, it
is a matter of economics to determine the number of
shut-off valves required for servicing. Fig. 35 shows
the minimum number of valves that may be used,
and Fig. 36 shows vz lves at each unit.

Cooler

A typical chilled water piping diagram for a
water cooler is illustrated in Fig. 37.

In a close coupled system most of the gate valves
can be omitted. If they are omitted, all of the water
is drained from the system thru the drain valve
when a componen: requires servicing. In an ex-
tensive piping system the gate valves are used to
isolate the equipment requiring servicing or re-
placement.

Figure 37 illustrates the recommended water pip-
ing and accessories associated with a cooler.

RUNOUTS
(NOTE 3)

-SHUT=-0FF VALVE
(GATE VALVE)

NOTES:

1. Though not shown, control valves (automatic or
manual) may be 1equired to control flow thru each
unit.

2. A shut-off valve may be installed in the supply and
return branch headers when headers serve $ to 5
units.

3. Supply and return runouts to the coil should have
flared connection: if the runouts are soft copper.
Otherwise unions or flanges are installed to facilitate
servicing units.

Fic. 34 — Pipinc LAYouTt FOR HORIZONTAL MULTIPLE
CoiLs (4 UNrrs — 4 SHUT-OFF VALVES)
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Condenser

Figure 38 shows a water-cooled condenser using
city, well or river water. The return is run higher
than the condenser so that the condenser is always
[ull of water. Water flow thru the condenser is mod-
ulated by the control valve in the supply line.

Figure 39 is an illustration of an alternate drain
arrangement for a condenser discharging waste
water. Drain connections of all types must be
checked for compliance with local codes. Codes
usually require that a check valve be installed in
the supply line when city water is used.

Figure 40 illustrates a condenser piped up with a
cooling tower. If the cooling tower and condenser
are close coupled, most of the gate valves can be
eliminated. If the piping system is extensive, the
gate valves as shown are recommended for isolating
the equipment when servicing.

When more than one condenser is to be used in
the same circuit, the flow thru the condensers must
be equalized as closely as possible. This is compli-
cated by the following:

(= SHUT-OFF VALVES
{ GATE VALVE)

v

v

RETURN/

b W

SUPPLY

NOTES:

1. Though not shown, control valves (automatic or
manual) may be required to control flow thru each
unit.

2. Supply and return runouts to the coil should have
flared connections if the runouts are soft copper.
Otherwise unions or flanges are installed to facilitate
servicing units.

FiG. 35 — Piring LAvouT For HorizoNnTAL MULTIPLE
Corrs (4 UNiTs — 2 SHUT-OFF VALVES)
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RUNOUTS
(NOTE 3) —\
N,

38

SHUT-OFF VALVE
( GATE VALVE)

NOTES:

1. Though not shown, control valves (automatic or
manual) may be required to control flow thru each
unit.

2. A shut-off valve may be installed in the supply and
return branch headers when headers serve 3 to 5
units.

8. Supply and return runouts to the coil should have
flared connections if the runouts are soft copper.
Otherwise unions or flanges are installed to facilitate
servicing units.

Fic. 36 — PipiNc LAvouT FOR HORIZONTAL MULTIPLE

Corts (3 Units — 6 SHUT-OFF VALVES)

RETURN SUPPLY
- GATE WALVE
FLANGE OR UNION
(NOTE |}
GATE VALVE
STRAINER
/ / GAGE GAGE
| »&\
NE % 3"‘]
:
CIRCULATING PUMP THERMOMETER -
REMOVE WELL
AND BUSHING
TO BLOW OUT
DRAIN VALVE TUBES. b
(GATE VALVE)
NOTES:
1. Flange or union is located to allow cooler head re-
moval.

2. Gate valves shown may be eliminated in a close
coupled system.

Fic. 37 — PipING AT A WATER COOLER
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AUTOMATIC CONTROL VALVE
( JTHER THAN CITY WATER)

p R
™

2" MIN. CHECK

LOCAL CODES OPEN SIGHT DRAIN

WHICH MAY { SEE NOTE 4

GOVERN AND FIG. 39)

S UNION OR FLANGE >

ey (NOTE 1)

GATE VALVE

sTRANER =" I

AUTOMATIC CONTROL N'\J\l

VALVE( CITY WATER) \‘[{\
THERMOMETER

THERMOME TER -REMOVE

CHECK VALVE
DRAIN LINE WELL AND BUSHING
23 TO BLOW OUT TUBES
GATE VALVE
NOTES:
1. Flange or union is located to allow condenser head
removal.

2. With outlet at top, condenser will be flooded even
though automatic control valve is in modulating
position.

3. Check valve is required by most sanitary codes (city
water).

4. Required for city water only.

Fic. 38 — CONDENSER P1PING 1'OR A ONCE-THRU
SYSTEM

1. The pressure drops thru the condensers are
not always equal.

2. Water entering the branch line and leaving
the run of tees seldom divides equally.

3. Workmanship in the installation can affect the
pressure drop.

To equalize the water flow thru each condenser,

the pipe should be sized as follows:

1. Size the branches for a water flow of 6 fps mini-
mum. The branch connections to each con-
denser should be identical.

2" MIN. OR AS —_

o
REQUIRED BY CODE l ™~ — WASTE FROM
CON
T DENSER

-NOT LESS THAN 18"
LONG & 2 SIZES
LARGER THAN WASTE

TRAP

TO SEWER &

Fic. 89 — ALTERNATE DRAIN CONNECTION
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TO COOLING TUWER
HEADERS

- /_/;\-"‘ﬂ
— "';a)
5&"&’

=
RETURY
« FLOAT AIR VENT OR PETCOCK
(NOTE 3)
GATE VALVE
3 ) \ UNION OR FLANGE
3 NOTE 1)
GATE VALVE b
/- - GAGE

CONDENSER

|
i s 39~<|;\E\
STRAINER~ \ |
CIRCULATING PUNP 4

d THERMOMETER - REMOVE
GEGE WELL AND BUSHING TO
BLOW OUT TUBES.
DRAIN LINE GATE VALVE

NOTES:

1. Flange or union is located to allow condenser head
removal.

2. Gate valves showr may be eliminated in a close
coupled system (except drain valve).

3. When water enters bottom of condenser, air will vent
naturally thru cooling tower sprays. If it is necessary
to drop piping af er leaving condenser, install air
vent at high poinl of line before drop. See dotted
line in figure.

Fi16. 40 — ConpENSER P1PING FOR A COOLING TOWER

o

Size the header for the total required water
quantity for all the condensers with a velocity
of not more than 3 fps. The header is ex-
tended approximately 12 in. beyond the last
branch to the condenser.

&

Size the water main supplying the header for
a velocity of 5 to 10 fps with 7 fps a good
average. The weter main may enter the header
at the end or @t any point along the length
of the header. Care should be used so that
crosses do not result.

4. Size the return branches, header and main
in the same manner as the supply.

5. Install a single water regulating valve in
the main, rather than separate valves in the
branches to the condenser (Fig. 41).

Cooling Tower

Figure 40 illustrate; a cooling tower and condenser
piped together. Since the cooling tower is an open
piece of equipment, this is an open piping system.
If the condenser and cooling tower are on the same
level, a small suction head for the pump exists. The
strainer should be installed on the discharge side of
the pump to keep the suction side of the pump as
close to atmospheric as possible,

WATER OUT (5-10 FPS)

RETURN HEADER
TOTAL GPM AT 3 FPS

THERMOMETER \W

WATER IN

(5-10 FPS)
\ THERMOMETER—

L‘Q PLUGGED TEE \
FOR BLOWOUT

REGUL.ATING GATE

VALVE

TO LIQUID

HEADER

DRAIN |\ VALVE

LINE
Ny

BRANCH-
CONDENSER

A GPM AT
REDUCING TEE 6 FPS MIN.
HEADER -TOTAL
GPM AT 3 FPS MAx.-/ o e

NOTES:
1. Thermometer wells are inserted in tees. Remove wells
to blow out coils.

2. A single water regulating valve must be used as
shown. If under capacity, install two valves in parallel
and connect pressure tube in liquid header.

3. Water supply in or return out can be at any point in
the headers.

Fic. 41 — MuLTiPLE CONDENSER COOLING WATER
PipiNG (REFRIGERANT CONNECTIONS PARALLEL)

It is often desirable to maintain a constant water
temperature to the condenser. This is done by in-
stalling a bypass around the cooling tower. When
the condenser is at the same level or above the cool-
ing tower, a three-way diverting valve is recom-
mended in the bypass section (Fig. 42).

A three-way mixing valve is not recommended
since it is on the pump suction side, and tends to
create vacuum conditions rather than maintain at-
mospheric pressures.

Figure 43 illustrates the bypass layout when the
condenser is below the level of the cooling tower.
This particular piping diagram uses a two-way
automatic control valve in the bypass line. The
friction drop thru the bypass is sized for the unbal-
anced static head in the cooling tower with maxi-
mum water flow thru the bypass.

If multiple cooling towers are to be connected,
it is recommended that piping be designed such that
the loss from the tower to the pump suction is
approximately equal for each tower. Fig. 44 il-
lustrates typical layouts for multiple cooling towers.

Equalizing lines are used to maintain the same
water level in each tower.
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COOLING TOWER HEADERS r\q
L
\||

/

,L— THREE -WAY
[ DIVERTING VALVE

= COOLING
/ TOWER
-] RETURN
L ™
FROM CONDENSER
[BYPASS

TO PUMP 5
SUCTION . NOTE 2

=

NOTES:

1. A three-way diverting valve is used when the con-
denser is at the same level as or above the cooling
tower. See Fig. 43 for piping layout when condenser
is below the cooling tower.

2. A three-way mixing valve is not recommended at this
point as it imposes additional head at the pump
suction.

Fi. 42 — CooLING TowER P1PING FOR CONSTANT
LEAVING WATER TEMPERATURE
(CONDENSER AND TOWER AT SAME LEVEL)

RECOMMENDED

COOLING TOWER

HEADERS r

COOLING

TOWER

RETURN UNBALANCED
AUTOMATIC ine
CONTROL VALVE

"A“
FROM 1 "'--..
v | TO PUMP
CONDENSER BYPASS - [y
NOTES:

1. A two-way automatic control valve is used when the
condenser is below the cooling tower. See Fig. 42 for
piping layout when the conclenser is at the same
level as or above the cooling tower.

2. The friction loss from “A” to “B” includes the loss
thru that section of the pipe and the loss thru the
two-way automatic control valve. This friction loss
should be designed for the unbalanced head of the
cooling tower.

3. Locate the automatic control valve close to the cool-
ing tower to minimize pump motor overload and
waterflow thru the tower whea valve is in full open
position.

Fic. 43 — CooLING ToweR P PING FOR CONSTANT
LeAVING WATER TEMPERATURE
(ConNDENSER BELOW TOWER)

o ] 4 sfeeh]

NOT RECOMMENDED

TWO COOLING TOWERS

RS

RECOMMENDED

NOT RECOMMENDED

THREE COOLING TOWERS

Fic. 44 — MuLtirLE CooLiNG Tower PipING

@ Air Conditioning Company
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TO SPRAY HEADERS

THERMOMETER —__ | 3
GAGE - s
e

| 1
nAll =i %-

|/\ =

/FLOODING HEADER
SUPPLY

AIR
WASHER

OVERFL

|
I
THREE-WAY £ Y
MIXING VALVE

CIRCULATING
PUMP

DRNN SUPPLY

AN
TO OPEN

SITE DRAIN

S—WATER
HEATER

NOTE: See Figs. 46 and 47 for typical piping when an air washer is used for the dehumidifying system (section “A - A”).

Fic. 45 — AIR WASHER P1PING

Air Washer
The water piping layout for an air washer used AT
for humidifying is presented in Fig. 45. When the GRAVITY RETURN R

. - TO COLLECTING TANK
pump and air washer are on the same level, there is RTFASS

usually a small suction head available for the pump.

. . . . . . A THREE -wAY
Therefore, if a strainer is required in the line, it DIVERTING VALVE gggf\
should be located on the discharge side of the pump. S NETED
N Ily air washers have a permanent type screen Lo
orma

¥ . ; e YP GATE \r.m.\.'E\ﬁLHt’;,\g{,’{;‘a"%’4
at the suction connection to the washer to remove S
] - f . PLUG COCK
arge size foreign matier, (NOTE 1)

GAGE COCK

The drain line is connected to an open-site drain
similar to those illusirated in Figs. 38 and 39, The
drain arrangement should always be checked for T I
compliance to local codes. 7 o "A"—J"A"

The piping layout shows a shell and tube heater =
for the spray water. Occasionally heat is added by a

2 . NOTE: Adjust plug cock so that full flow thru auto-
steam ejector instead >f by a normal heater. i

matic control valve is approximately 909, of

Chilled water is required if the sprays are to recirculating water design.
accomplish dehumidification. Figures 46 and 47
illustrate two typical methods of connecting the F16. 46 — AIR WasHER PipING UsING A THREE-WAY

chilled water supply. The plug cock in both dia- CoNTROL VALVE
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DRAIN TO GRAVITY
RETURN LINE — 1

GRAVITY RETURN
TO COLLECTING -
TANK \

CHILLED WATER
SUPPLY — ~_

\QEN —GAGE COCK
GATE vni—//M“‘& /

il
PLUG COCK )
(NOTE 1)
AUTOMATIC CONTROL |
VALVE

RECIRCULATING
PUMP I
SECTION "A"-"A"

NOTE: Adjust plug cock so that full fliow thru divert-
ing valve is approximately 909, of recirculating
water design.

Fic. 47 — AIR WasHER P1piNG UsiNG A Two-Way
CoNTROL VALVE

SLOPE GRAVITY RETURN
LINES TOWARD RISER

AIR VENT —~__
bl UNIT
RISER L —
_/_' )
ENTER RISER AT /
SHARP ANGLE IN unIT
DIRECTION OF FLOW

ELEVATION

Fi6. 48 — A1R WaSHER RETURN CONNECTIONS AT
Di1FFERENT ELEVATIONS

AIR VENT
\

SLOPE GRAVITY
RETURN LINE DOWN
TOWARD HEADER

[

HEADER / 1
ENTER HEADER AT SHARP SLOPE HEADER
ANGLE IN DIRECTION OF FLOW TOWARD RISER

PLAN

UNIT UNIT UNIT

Fic. 49 — A1R WasSHER RETURN CONNECTIONS AT THE
SAME LEVEL

@ MAir Conditioning Company

grams is adjusted so that full dow thru the three-
way diverting valve (Fig. 46) and thru the automatic
control valve (Fig. 47) is approximately 909, of the
recirculating water design quanuity.

Figures 48 and 49 are schemaic sketches of multi-
ple air washers with gravity returns piped to the
same header.

Sprayed Coil

A typical layout for a sprayed coil piping system
is shown in Fig. 50. The diagram shows a water
heater which may be required for humidification.
If a preheat coil is used, the vater heater may be
eliminated.

The drain line should be fitt2d with a gate valve
rather than a globe valve sinc: it is less likely to
become clogged with sediment.

Pump Piping
The following items illustrated in Fig. 5/ should
be kept in mind when designing piping for a pump:
1. Keep the suction pipe short and direct.
2. Increase the suction pipe size to at least one
size larger than the pump inlet connection.
3. Keep the suction pipe free ‘rom air pockets.
4. Use an eccentric type reducer at the pump suc-

tion nozzle to prevent air pockets in the
suction line.

N

SPRAYS

STRAINER
(NOTE I)

FANEA ALY

RETuRN‘ T U
SUPPLY
\N’i .~ GATE VALVE
I
CIRCULATING /
PUMP =i
]
OPTIONAL i al;l;lé‘;
PRI |
| ° AE‘L‘ HEATER
r
[ 5
PN
DRAIN LINE ]
GATE VALVE

NOTE: If no strainer is installed in this location, then
a strainer is recommended on the pump dis-
charge.

Fi6. 50 — Spray WATER CoiL WiTH WATER HEATER
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CORRECT

Fi6. 51 — Pump SuctioN CONNECTIONS

5. Never install 1 horizontal elbow at the pump
inlet. Any horizontal elbow in the suction linc
should be at a lower elevation than the pump
inlet nozzle. \Where possible, a vertical elbow
should lead into a pipe reducer at the pump
inlet,

If multiple pumps are to be interconnected to the
same header, piping connections are made as il-
lustrated in Fig. 52. This method allows each pump

GATE VALVE

LA
s

[ CHECK
VALVE

/GATE

VALVE 45° CONNECTION

Fic. 52 — MuLTtipLE PuMmP PIPING
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GATE
/ VALVE
GAGE \
are [/ s ol
\VALVE (SEE "A")
I
g Tl

USING TWO GAGES

GATE

VALVE\i_‘

GAGE\

(SEE "A") -\__E?
D

GATE VALVE
il OR
GATE PET COCK

VALVE —«. il
[@—1

USING ONE GAGE

_——GAGE

e GATEO:ALVE\

PET COCK

"

Fic. 53 — Gack LocaTiOoN AT A PumMp

to handle the same water quantity. Under partial
load conditions and at reduced water flow or when
one pump is out of the line, the pumps still handle
equal water quantities.

Figure 53 illustrates two methods of locating
pressure gages at the pump; one method uses two
gages and the other uses one. The use of one gage
has the advantage of always giving the correct pres-
sure differential across the pump. Two gages may
give an incorrect pressure differential if one or both
are reading high or low.

A pulsating damper located before the pressure
gage is shown in Fig. 53. This is an inexpensive de-
vice for dampening pressure pulsations. The same
result can be obtained by using a pigtail in the line
as shown in the diagram.

Expansion Tank Piping

Figure 54 is a suggested piping layout for an open
expansion tank. Piping is enlarged at the connec-
tion to the expansion tank. This permits air en-
trained or carried along with the water to separate
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QUICK FILL LINE
o

AIR VENT
/ o REMOVABLE LID

FOR CLEANING

FLOAT
VALVE

GAGE
GLASS

{ GATE VALVE)

TO DRAIN

TRAP

EXPANSION LINE

ENLARGED PORTION OF “%u MIN )

RETURN LINE TO PERMIT

AIR SEPARATION

(NOTE 2) \
RETURN

LINE

AT LEAST 4d -/

“‘E«—TL

|
T GIRCULATING PUMP

ENLARGED TEE FOR
AIR SEPARATION

NORMAL LINE SIZE
=

NOTES:
1. Do not put any valve strainer or trap in the expan-
sion line.

2. Enlarged portion of return line and enlarged tee are
each two standard pipe sizes larger than return line.

Fic. b4 — Oren ExpansioN TANK PipING

and be vented thru the tank. The expansion tank
should be located at the pump suction side at the
highest point in the system.

Valves, strainers and traps must be omitted from
the expansion line since these may be accidentally
turned off or become plugged.

Figure 55 illustrates the piping diagram for a
closed tank.

Drain Line Piping

Moisture that forms on the cooling coils must be
collected and carried off as waste. On factory fabri-
cated fan-coil units a drain pan is used to collect
this moisture. For built-up systems the floor or base
of the system (before and after the cooling coil) is
used to gather the moisture.

Since, under operating conditions, the drain water
is subject to pressure conditions slightly above or
slightly below atmospheric pressure, the line used
to carry off this water must be trapped. This trap
prevents conditioned air from entering the drain
line when the drain water is under positive pres-

@ Alir Conditioning Company

GATE
VALVE GAGE

SIGHT
GLASS = _4

GATE
VALVE

Fic. 55 — Crosep ExpansioN TANK PIPING

sure as in a blow-thru fan-ccil unit. When the
system is under negative pressuce as in a draw-thru
unit, the trap prevents water [rom hanging up in
the drain pan.

Figure 56 illustrates the trapping of a drain line
from the drain pan. The length of the water seal
or trap depends on the magni:ude of the positive
or negative pressure on the drain water. For in-
stance, a 2-inch negative fan pressure requires a
2.inch water seal.

Normally, under-the-window fan-coil units have
the drip pan subject to atmospheric conditions only
and the drain line from these units is not trapped.

The drain line runout for all systems is pitched
to offset the line friction. For a single unit the run-
out is piped to an open site drain. Local codes and
regulations must be checked to determine proper
piping practice for an open site drain. The runout
is run full size correspondiny to the drain pan
connection size.

Some applications have multiple units with the
drain lines connected to a common header or riser.

PITCH RUNOUT TO 3

OFFSET LINE FRICTION

UNIT

2" MIN.
\- DRAIN PAN

A\

Fic. 56 — PirING FOR DRAIN PANS
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To size the header or riser, the amount of moisture
that is expected to form must be determined. This
moisture and the available head is used to determine
the pipe size from ‘he friction chart for open pip-
ing systems. However, in no instance is the header
or riser sized smaler than the drain pan con-
nection size. Also, as required in all water flow

systems, pockets and traps in the risers and mains
must be vented to prevent water hangup.

Each system should be investigated to determine
the need for drainage fittings and cleanouts for
traps. These are necessary when considerable sedi-
ment may occur in the drain pan.
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GENERAL SYSTEM DESIGN

This chapter includes that practical material re-
quired for the design and layout of a refrigerant
piping system at air conditioning temperature levels,
using either Refrigerant 12, 22, 500 or 502.

APPLICATION CONSIDERATIONS

A refrigerant piping system requires the same
general design considerations as any fluid flow
system. However, there are additional factors that
critically influence system design:

1. The system must be designed for minimum
pressure drop since pressure losses decrease the
thermal capacity and increase the power re-
quirement in a refrigeration system.

2. The fluid being piped changes in state as it
circulates.

3. Since lubricating oil is miscible with Refrig-
erants 12, 22, 500 and 502, some provision
must be made to:

a. Minimize the accumulation of liquid re-
frigerant in the compressor crankcase.

b. Return oil to the compressor at the same
rate at which it leaves.

Piping practices which accomplish these objectives

are discussed in the following pages.

CODE REGULATIONS

System design should conform to all codes, laws
and regulations applying at the site of an installa-
tion.

In addition the Safety Code for Mechanical Re-
frigeration (USAS-B9.1) and the Code for Refrig-
eration Piping (USAS-B31.5) are primarily drawn
up as guides to safe practice and should also be
adhered to. These two codes, as they apply to
refrigeration, are almost identical, and are the basis
of most municipal and state codes.

REFRIGERANT PIPING DESIGN

DESIGN PRINCIPLES
Obijectives

Refrigerant piping systems must be designed to
accomplish the following:

1. Insure proper feed to evaporators.

2. Provide practical line sizes without excessive
pressure drop.

@ Air Conditioning Company
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3. Protect compressors by —
a. Preventing excessive lubricating oil from
being trapped in the system.
b. Minimizing the loss of ubricating oil from
the compressor at all times.

c. Preventing liquid refrigerant from entering
the compressor during operation and shut-
down.

Friction Loss and Qil Return

In sizing refrigerant lines it is necessary to con-
sider the optimum size with respect to economics,
friction loss and oil return. From a cost standpoint
it is desirable to6 select the line size as small as pos-
sible. Care must be taken, however, to select a line
size that does not cause excess ve suction and dis-
charge line pressure drop since this may result in
loss of compressor capacity and excessive hp/ton.
Too small a line size may zlso cause excessive
liquid line pressure drop. This can result in flashing
of liquid refrigerant which causes faulty expansion
valve operation.

The effect of excessive suction and hot gas line
pressure drop on compressor capacity and horse-
power is illustrated in Table 16.

TABLE 16—COMPRESSOR CAPACITY VS
LINE PRESSURE DROP

42 F Evaporator Tempoerature

SUCTION AND HOT GAS LINE COMPRESSOR
PRESSURE DROP Capacity (%) | Hp/Ton (%)
No Line Loss 100 100
2F Suction Line Loss v5.7 103.5
2F Hot Gas Line Loss 8.4 103.5
4F Suction Line Loss 2.2 106.8
4F Hot Gas Line Loss §6.8 106.8

Pressure drop is kept to a minimum by optimum
sizing of the lines with respect to economics, making
sure that refrigerant line velocities are sufficient to
entrain and carry oil along at all loading conditions.

For Refrigerants 12, 22, 500 and 502, consider the
requirements for oil return up vertical risers.

Pressure drop in liquid lines is not as critical as
in suction and discharge lines. However, the pressure
drop should not be so excessive as to cause gas
formation in the liquid line or insufficient liquid
pressure at the liquid feed device. A system should
normally be designed so that the pressure drop in
the liquid line is not greater than one to two degrees
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change in saturaticn temperature. In terms of pres-
sure drop, this corresponds to about 1.8 to 3.8 psi
for R-12, 2.9 to 6 psi for R-22, 2.2 to 4.6 psi for
R-500 and 3.1 to 6.3 psi for R-502.

Friction pressure drop in the liquid line includes
accessories such as solenoid valve, strainer, drier and
hand valves, as well as the actual pipe and fittings
from the receiver cutlet to the refrigerant feed de-
vice at the evaporator.

Pressure drop in the suction line means a loss in
system capacity because it forces the compressor to
operate at a lower cuction pressure to maintain the
desired evaporator temperature. Standard practice
is to size the suction line for a pressure drop of
approximately two degrees change in saturation
temperature. In terms of pressure loss at 40 F suc-
tion temperature, this corresponds to about 1.8 psi
for R-12, 2.9 psi for R-22, 2.2 psi for R-500, and
3.1 psi for R-502.

Where a reduction in pipe size is necessary to
provide sufficient ges velocity to entrain oil upward
in vertical risers at partial loads, a greater pressure
drop is imposed a. full load. To keep the total
pressure drop within the desired limit, excessive
riser loss can be ofiset by properly sizing the hori-
zontal and “down” lines.

It is important to minimize the pressure loss in
hot gas lines because these losses can increase the
required compressor horsepower and decrease the
compressor capacity. It is usual practice not to ex-
ceed a pressure drop corresponding to one to two
degrees change in saturation temperature. This is
equal to about 1.8 w0 3.8 psi for R-12, 2.9 to 6 psi
for R-22, 2.2 to 4.6 psi for R-500, and 8.1 to 6.3 psi
for R-502.

REFRIGERANT PIPE SIZING
Charts 7 thru 21 are used to select the proper
steel pipe and copper tubing size for the refrigera-
tion lines. They arc based on the Darcy-Weisbach
formula:
L &
h=fx 5 X 25
where h = loss of head in feet of fluid
f = friction r‘actor
L = length o pipe in feet
D = diameter of pipe in feet
V = velocity in fps
g = acceleration of gravity = 32.17 ft/sec/sec
The friction factor depends on the roughness of
pipe surface and the Reynolds number of the fluid.
In this case the Reynolds number and the Moody
chart are used to determine the friction factor.

Use of Pipe Sizing Charts

The following procedure for sizing refrigerant
piping is recommended:

1. Measure the length (in feet) of straight pipe.

2. Add 509, to obtain a trial total equivalent
length.

3. If other than a rated friction loss is desired,
multiply the total equivalent length by the cor-
rection factor from the table following the
appropriate pipe or tubing size chart.

4. If necessary, correct for suction and condensing
temperatures.

5. Read pipe size from Charts 7 thru 21 to deter-
mine size of fittings.

6. Find equivalent length (in feet) of fittings and
hand valves from Chapter I and add to the
length of straight pipe (Step 1) to obtain the
total equivalent length.

7. Correct as in Steps 3 and 4 if necessary.
8. Check pipe size.

In some cases, particularly in liquid and suction
lines, it may be necessary to find the actual pressure
drop. To do this, use the procedure described in
Steps 9 thru 11:

9. Convert the friction drop (F from Step 3) to
psi,.using refrigerant tables or the tables in
Part 4.

10. Find the pressure drop thru automatic valves
and accessories from manufacturers’ catalogs.
If these are given in equivalent feet, change to
psi by multiplying by the ratio:

Step (9)
Step (6)

11. Add Steps 9 and 10.

In systems in which automatic valves and acces-
sories may create a relatively high pressure drop,
the line size can be increased-to minimize their effect
on the system.

Example T — Use of Pipe Sizing Charis
Given:
Refrigerant 12 system
Load — 46 tons
Equivalent length of piping — 65 ft
Saturated suction — 30 F
Condensing temperature — 100 F, of subcooling
Type L copper tubing

Find:
Suction line size for pressure drop corresponding to 2 F.
Actual pressure drop in terms of degrees F for size selected.
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Solution:

See Chart 7.

I. Line sizes for 40 F saturated suction and 105 F condensing
temperature are shown on Chart 7. Determine the cor-
rection factor for a 80 F suction temperature of 1.18 from
table in notes following Chart 9.

2. Determine adjusted tons to be used in Chart 7 by mul-
tiplying correction factor in Step I by load in tons:

1.18 X 46 = 55 tons

3. Enter Chart 7 and project upward from 55 tons, to the
O°F subcooling line of a 254 in. OD pipe size, then to
a 314 in. OD pipe size. At 254 in. OD, a 2 F drop is
obtained with 34 ft of pipe; at 314 in, OD a 2 F drop
is obtained with 80 ft of pipe. Select a 314 in. OD pipe
to obtain less than a 2 F drop.

4. Use the following equation to determine actual pressure
drop in terms of degrees F in the 314 in. OD pipe with
a 46 ton load:

Actual pressure drop
equivalent ft of pipe

= piping allowed for 2 F drop —
i
=730 X2=16F

LIQUID LINE DESIGN

Refrigeration oil is sufficiently miscible with these
refrigerants in the liquid phase to insure adequate
mixing and oil return. Therefore low liquid veloci-
ties and traps in liquid lines do not pose oil return
problems.

The amount of liquid line pressure drop which
can be tolerated is dependent on the number of
degrees subcooling of the liquid. Usually this
amounts to 5 F to 15 F as the liquid leaves the con-
denser. Liquid lines should not be sized for more
than a 2 F drop under normal circumstances. In ad-
dition, liquid lines passing thru extremely warm
spaces should be insulated.

Friction Drop and Static Head

With an appreciable friction drop and/or a static
head due to elevation of the liquid metering device
above the condenser, it may be necessary to resort
to some additional means of liquid subcooling to
prevent flashing in the liquid line. Increasing the
liquid line pipe size minimizes pipe friction and
flashing due to friction drop.

In large systems where the cost is warranted, a
liquid pump may be used to overcome static head.

An arrangement shown in Fig. 57 illustrates a
method which may be used to overcome the effect
of excessive flash gas caused by a high static head
in the system. This arrangement does not prevent
the forming of flash gas, but does offset the effect it
might have on the operation of the evaporator and
valves.

@ Air Conditioning Company

Liquid Subcooling

Where liquid subcooling is required, it is usually
accomplished by one or both of the following ar-
rangements:

1. A liquid suction heat interchanger (heat dis-
sipates internally to suctior gas).

2. Liquid subcooling coils in evaporative con-
densers and air-cooled condensers (heat dissi-
pates externally to atmospkere).

The amount of liquid subcooling required may be
determined by use of a nomograph, Chart 22 or by
calculation. The following examples illustrate both
methods.

Example 2 — Liquid Subcooling frorn Nomograph

Given:
Refrigerant 12 system
Condensing temperature — 100 F (131.6 psia)
Liquid line pressure drop (incl. liquid lift) — 29.9 psi

Find:
Amount of liquid subcooling in degrees F required to pre-
vent flashing of liquid refrigerant.

Solution:
Use Chart 22,

1. Determine pressure at expansion valve:
131.6 —29.9 = 101.7 psia
2. Draw line from point 4 (100 F zond temp) to point B
(101.7 psia at expansion valve).

3. Draw line from point C (intersec/ion of AB with line Z)
thru point D (09, flash gas) to point E (intersection of
CD with liquid subcooling line).

4. Liquid subcooling at point E = '8 F. Liquid subcooling
required to prevent liquid flashing = 18 F.

FLOAT-ACTUATED

VENT VALVE
FLASH GAS
TO SUCTION
LINE —=

—0
O~

ﬁ_o:l

Ao

4 VAPORATOR

SUCTION
LIQUID LINE LINE

F1c. 57 — MEeTHOD OF OVERCOM NG ILL EFFECTS OF
SystemM HicH StaTtic HEAD
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REFRIG. 12 CHART 7—SUCTION LINES—COPPER TUBING
40°/105°

For Pressure Drop Corresponding to 2 F

500
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F1
8 3

EQUIVALENT LENGTH(

8

! ‘ |
20 30 40 5060
TONS OF REFRIGERATION

40 F/15 F SH/105 F SCT
—— — —— 40 F/15 F SH/105 F/15 F SC

REFRIG. 12 CHART 8—HOT GAS LINES—COPPER TUBING
40°/105° For Pressure Drop Corresponding to 2 F

500,
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\

1504

89
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HE O @
(=]

EQUIVALENT LENGTHI(FT)

N
\

40 F/15 F 3H/105 F SCT
— —— — 40 F/15 F 5H/105 F/15 F $C
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CHART 9—LIQUID LINES—COPPER TUBING

For Pressure Drop Corresponding to 2 F

REFRIG. 12
40°/105°

500,

400

EQUIVALENT LENGTH (F_T)
H o o o
5 oo &8 8

g

n
Q

TONS OF REFRIGERATION

40 F/15 F SH/105 F SCT Range of Chart ¢: Saturated Suction Tempera‘ures —40Fto S50F
—— —— —— 40 F/15 F SH/105 F/15 F SC Condensing Temperatures 80 Fto 160 F

Pressure drop is given in equivalent degrees because of the general acceptance of this method of sizing. The corresponding pressure drop in psi may
be determined by referring to the saturated refrigerant tables.

To use Charts 7 and 8 for conditions other than 40 F saturated suction, 105 F condensing, multiply the refrigeration load in tons by the factor
_below and use the product in reading the chart (S = Suction, HG = Hot Gas).

SATURATED SUCTION TEMPERATURE (F)
COND —40 | —30 | —20 | —10 | 0 [ w0 [ 20 | 30 [ 4 [ 50
TE(:']“' TONS_MULTIPLYING FACTOR
S HG S HG 5 HG 5 HG 5 HG 5 HG S HG 5 HG 5 HG ] HG
80 507 [1.50] 3.92 | 1.46 | 3.08| 1.43| 2.45| 1.39 | 1.96 | 1.36 | 1.59 [ 1.33 | 1.31| 1.30 | 1.08 | 1.28 | 0.89| 1.25 [ 0.75( 1.22
90 — — | 411134 3.22| 1.31| 2.55| 1.27| 2.05| 1.24 | 1.66 | 1.21 | 1.36| 1.19 | 1.12| 1.16 | 0.93| 1.14 | 0.78] 1.11
100 — — | 433(1.23]|3.39|1.20| 269|117 | 215 | 1.14 [ 174 [ 1.11 | 1.43)| 1.09 | 1.18 | 1,06 | 0.98| 1.04 | 0.82| 1.02
110 — — — — | 358 1.10| 2.83( 1.08| 2,27 | 1.05| 1.84 | 1.02 | 1.50 | 1.00 | 1.24 | 0.98 | 1.02| 0.96 | 0.85| 0.93
120 — | = = — | 3.80| 1.03| 3.00( 1.00 | 2.40 | 0.97 | 1.94 | 0.95| 1.58 | 0.93 | 1.30 | 0.90 | 1.08 | 0.88 [ 0.90| 0.86
130 — | =] = — | — | — |319]| 093] 255|091 | 206|088 1.68 | 0.86| 1.37 [ 0.84 | 1.14| 0.82 [ 0.95| 0.80
140 — | = = — | — | — | 342|088 273 |0.85| 2.20| 0.83 | 1.79 | 0.81 | 1.46 | 0.78 | 1.21| 0.76 | 1.00| 0.75
150 — | =] = - = — | — 1 — | 229|081]235]078| 1.91|076| 1.56 | 074 | 1.29| 072 | 1.07 | 0.70
160 — | — | — — | — — | = — | 317 [ 077 | 2.54 | 0.74 | 2.06 | 0.72 | 1.69 [ 0.70 | 1.39| 0.68 [ 1.15| 0.66
NOTES:
1. To use suction hot gas and liquid line charts for friction drop other than 2 F, multiply equivalent length by factor below and use product in reading
chart.
Liquid Line
Friction Drop (F) Hot Gas Line 5 1.0 1.5 2.0 2.5 3.0 4,0 5.0 6.0
Suction Line
Multiplier 4.0 2.0 1.3 1.0 0.8 0.7 (.5 0.4 0.3

2. Pipe sizes are OD and are for Type L copper tubing.
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REFRIG. 502 CHART 10—SUCTION LINES—COPPER TUBING
0°/105°
£ For Pressure Drop Corresponding to 2 F
500
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REFRIG.502 CHART 11—HOT GAS LINES—COPPER TUBING
0" /105 For Pressure Drop Corresponding to 2 F
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CHART 12—LIQUID LINES—COPPER TUBING EFRIG 502
For Pressure Drop Corresponding to 2 F 40°/105°
500 .
\ \3%1
400 \ \\
0 \
20
150
tlool——!
; =
& -
=
w
- 60
Eso
w
=
$40
=
a
u 39
|
20 36 40 5060 80 100

TONS OF REFRIGERATION

0 F/15 F SH/105 F SCT Range of Chart 12: Saturated Suction Temperatures —60 Fto +40 F
—— —) Ff15 FSH/05 15 F5C Condensing Temperatures 80 Fto 160F

Pressure drop is given in equivalent degrees because of the general acceptance of this method of sizing. The corresponding pressure drop in psi may
be determined by referring to the saturated refrigerant tables.

To use Charts 10 and 11 for conditions other than 0° F saturated suction, 105 F condensing, multiply the refrigerat on load in tons by the factor
below and use the product in reading the chart (S = Suction, HG = Hot Gas).

SATURATED SUCTION TEMPERATURE (F)
COND —50 | —a0 | —30 | —20 [ —10 ] o | w | 20 | 3 [ 4o
TEMP TONS MULTIPLYING FACTOR

F
* H HG 5 HG H HG S HG - HG S HG H HG -] HG 5 HG S HG
80 282 144 2.15] 1.34 | 1.67 | 1.27 | 1.31 | 1.22| 1.04 | 1.18 | 0.84 | 1.14 | 0.69| 1.11| 0.56 | 1.07 | 0.47 | 1.04 | 0.39 | 1.00
90 — — | 231 1.29| 1.79 [ 1.20| 1.40 | 1.14| 1.12 | 1.10| 0.90 | 1.07 | 0.73 | 1.04 | 0.60 | 1.00 | 0.49 | 0.97 | 0.41 | 0.94
100 — — — — | 1.83 |17 [ 1.51 [ 1.10] 1.20 | 1.05| 0.96 [ 1.01] 0.78 | 0.98| 0.64 | 0.95 | 0.53 | 0.92 | 0.44 | 0.89
110 — — — — | 211 | 116 1.64 [ 1.07 | 1.30 | 1.01 | 1.04 | 0.97 | 0.84 | 0.94 | 0.69 | 0.91 | 0.57 | 0.88 | 0.47 | 0.85
120 — — — — — — | 179 1,07 1.42 | 0.99| 1.13 | 0.94 | 0.91 | 0.91| 0.74 | 0.88 | 0.61 | 0.85 | 0.51| 0.82
130 — — — — — — | 198 11.08)| 1.56 | 099 1.24 | 0.93 ]| 0.99| 0.88| 0.81 | 0.85| 0.66 | 0.82 | 0.55| 0.79
140 — — — - — — — — | .74 1.01 ] 1.37 1 093 | 1.10| 0.88 | 0.89 | 0.84 | 0.73 | 0.81 | 0.60| 0.78
150 — — — — — — — — | 1.94 | 1.05] 1.53 | .096| 1.22| 0.88| 0.98| 0.83 | 0.80 | 0.80 | 0.66| 0.77
160 — — — — — — - — — — [ 172 |1.00]| 1.36 | 0.91| 1.10 | 0.84 | 0.89 | 0.80 | 0.73 | 0.77
NOTES:
1. To use suction hot gas and liquid line charts for friction drop other than 2 F, multiply equivalent length by factor below and use product in reading
chart,
Liquid Line
Friction Drop (F) Hot Gas Line .5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0
Suction Line
Multiplier 4.0 2.0 1.3 1.0 0.8 0.7 0.5 0.4 0.3

2. Pipe sizes are OD and are for Type L copper tubing.
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REFRIG. 500 CHART 13—SUCTION LINES—COPPER TUBING
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CHART 15—LIQUID LINES—COPPER TUBING

REFRIG. 500
For Pressure Drop Corresponding to 2 F 40°/105°
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40 F/15 F SH/105 F SCT Range of Chart 15: Saturated Suction Temperctures —40Fto 50F
—— —— —— 40 F/15 F SH/105 F/15 F SC Condensing Temperatures 80 Fto 160 F

Pressure drop is given in equivalent degrees because of the general acceptance of this method of sizing. The corresponding pressure drop in psi may
be determined by referring to the saturated refrigerant tables.

To use Charts 13 and 14 for conditions other than 40 F saturated suction, 105 F condensing, multiply refrigeration load in tons by factor below
and use product in reading chart (S = Suction, HG = Hot Gas).

SATURATED SUCTION TEMPERATURE (F) "
COND —40 | —30 | —20 | —10 ] 0 1w [ 20 | a0 40 | 5o
- TONS MULTIPLYING FACTOR
S HG S HG S HG S HG 5 HG S HG H HG S HG S HG S HG
80 509 [ 1.53| 3.93 | 1.49 | 3.08 | 1.44 | 244 | 139 1.95|1.35| 1.58| 1.32| 1.29| 1.29| 1.07 | 1.26| 0.89 | 1.23 [ 0.74| 1.20
90 — — | 414 [ 1,37 | 3.23 | 1.33 | 2.56 | 1.28 | 2.05 | 1.24 | 1.66| 1.21 [ 1.36| 119 1.12| 1.15( 0.93 [ 1.13| 0.77] 1.10
100 - — | 437 11.26 | 3.41 [1.23[270 | 1.19] 2.16 | 1.15] 1.74| 1.12| 1.42] 1.09| 1.17 | 1.06]| 0.97 | 1.04| 0.81] 1.02
110 — — — — [ 361115285 (1.11(2.28|1.08| 1.84| 1.04 | 1.50| 1.01| 1.23 | 0.99| 1.02 | 0.96 | 0.85| 0.94
120 - — - — | 3.84 | 1.08|3.03 [1.05]| 242101 1.95| 098] 1.59| 0.95| 1.30| 0.92( 1.08| 0.90| 0.90| 0.88
130 — — — — — — | 3.24 1099 ) 2.58 | 096 2.08| 093] 1.69| 0.90| 1.38 | 0.87| 1.14 | 0.85| 0.95| 0.83
140 — — — — — — | 3.49 (095|277 | 092 2.23| 0.89| 1.81| 0.86| 1.48 | 0.83| 1.22| 0.80| 1.01| 0.78
150 — — — — — — — — | 3.01 | 0.89 | 2.41 | 0.86| 1.95| 0.83| 1.59 | 0.80| 1.31 | 077 | 1.09| 0.75
160 — — — — — — — — | 3.29 | 0.88] 2.63| 0.84 | 2.13 | 0.82 | 1.73 | 0.78 | 1.42 | 0.75| 1.18| 0.73
NOTES:
1. To use suction hot gas and liquid line charts for friction drop other than 2 F, multiply equivalent length by factor below and use product in reading
chart,
Liquid Line
Friction Drop (F) Hot Gas Line .5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0
Suction Line
Multiplier 4.0 2.0 1.3 1.0 0.8 0.7 0.5 0.4 0.3

2. Pipe sizes are OD and are for Type L copper tubing.
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CHART 18—LIQUID LINES—COPPER TUBING REFRIG. 22
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40 F/W15 F SH/105 F SCT Range of Chart 18: Saturated Suction Temperctures —40 Fto S50F
—— —— — 40 F/WI15 F SH/105 F/W15 F SC Condensing Temperatures BOFto 160 F

Pressure drop is given in equivalent degrees because of the general acceptance of this method of sizing. The correspond ng pressure drop in psi may
be determined by referring to the saturated refrigerant tables.

To use Charts 16 and 17 for conditions other than 40 F saturated suction, 105 F condensing, multiply the load in tons by the factor below and
and use the product in reading the chart (S = Suction, HG = Hot Gas).

SATURATED SUCTION TEMPERATURE (F)

COND | 40 [ —30 [ —20 [ —10 | o | 1w [ 20 [ 30 [ 4 | so
TE“':)‘P TONS MULTIPLYING FACTOR
5 HG 5 HG 5 HG S HG 5 HG 5 HG S HG S HG 5 HG $ HG
80 475(1.52| 372 | 1.49| 2.95| 1.41] 2.37| 1.35| 1.92 | 1.30| 1.57 | 1.28 | 1.29 | 1.25] 1.07 | 1.23 | 0.90| 1.20| 0.76 | 1.16
90 — — | 3.86| 1.38| 3.06 | 1.33| 2.45( 1.26| 1.99 | 1.21| 1.63 | 1.18| 1.34 [ 1.15] 1.12 | 1.13 [ 0.94| 1.11 | 0.79| 1.08
100 — — | 405]1.28] 3.21[1.25] 257 1.19] 2.08 [ 1.14]| 1.70 | 1.09| 1.41 |1.07] 1.17 | 1.05] 0.98| 1.03| 0.82| 1.01
110 — — - — | 337|118 270 1.14| 219 1.08( 1.79 | 1.03 | 1.47 | 1.00| 1.23 | 0.98 | 1.02| 0.96| 0.86 | 0.94
120 — — — — | 355|111 2.84| 1.09| 2.29| 1.05| 1.87 | 0.99 | 1.54 | 0.95| 1.28 | 0.92( 1.08| 0.90| 0.90| 0.89
130 — — - — — — | 3.02[1.03]| 244 [ 101] 1.99 | 096 | 1.64 | 0.91| 1.36)| 0.88| 1.13| 0.86| 0.95| 0.84
140 — — — — —_ — | 3.20] 1.00| 2.58( 0.97]| 2.11 | 0.94| 1.73 | 0.89| 1.44| 0.85| 1.20| 0.82| 1.01| 0.80
150 — — — — - — — — | 278 | 0.94| 2.26 | 0.92| 1.86 | 0.88| 1.54| 0.83| 1.28( 0.80] 1.08| 0.77
160 — — — — — - - — | 3.00| 0.93| 2.44 | 0.90| 2.00 | 0.87| 1.65| 0.83| 1.37| 0.78] 1.15{ 0.75
NOTES:
1. To use suction hot gas and liquid line charts for friction drop other than 2 F, multiply equivalent length by factor below and use product in reading
chart.
Liquid Line
Friction Drop (F) Hot Gas Line 5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0
Suction Line
Multiplier 4.0 2.0 1.3 1.0 0.8 0.7 0.5 0.4 0.3

2. Pipe sizes are OD and are for Type L copper tubing.
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CHART 19—SUCTION LINES—STEEL PIPE
REFRIG. 22 For Pressure Drop Corresponding to 2 F
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CHART 21—LIQUID LINES—STEEL PIPE
For Pressure Drop Corresponding to 2 F REZR;?C'}:Z
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Range of Chart 21:

Condensing Temperatures

Saturated Suction Temperctures

—40 F to
B0 F to

50 F
160 F

Pressure drop is given in equivalent degrees because of the general acceptance of this method of sizing. The corresponding pressure drop in psi may
be determined by referring to the saturated refrigerant tables.

To use Charts 19 and 20 for conditions other than 40 F saturated suction, 105 F condensing, multiply the refrigeration load in tons by the factor
below and use the product in reading the chart (S = Suction, HG = Hot Gas).

SATURATED SUCTION TEMPERATURE (F)
COND —40 | —30 [ —20 | —10 ] 0o | 10 | 20 T 50
TE‘":V)" TONS MULTIPLYING FACTOR
5 HG S HG S HG ] HG S HG 5 HG S HG 5 HG S [ HG S HG
80 A41 |1.45( 3.48 | 1.42 | 278 | 1.37 | 2.25 | 1.33 | 1.84 | 1.29| 1.52| 1.27| 1.26| 1.25]| 1.06 | 1.22 | 0.89 [ 1.20 | 0.76 | 1.17
920 —_ — | 3.64 132|290 1.28| 235 |1.24|1.92| 1.20| 1.58| 117 1.31| 1.15| 1.10 | 1.13 | 0.93 | 1.11 | 0.79 | 1.08
100 — — | 3.81 | 1.22| 3.04| 1.20| 2.46 | 1.16] 2.00| 1.12] 1.65] 1.09| 1.37| 1,07 | 1.15 | 1.05| 0.97 | 1.03 | 0.82 | 1.01
110 — — — — | 3.20| 1.13] 258 | 1,10 | 2,10 1.06 | 1.73 | 1.02| 1.44| 1.00 | 1.20 | 0.98 | 1.01 | 0.96 | 0.84 | 0.95
120 — — — — | 337 1.06| 272 | 1.04 | 222 | 1.01| 1.82| 0.97 [ 1.51| 0.94| 1.26 | 0.92 | 1.07 | 0.90 | 0.91 | 0.89
130 — — — — — — | 288 | 0.99) 234|097 193] 093] 1.60| 0.90| 1.33 | 0.87 | 1.12 | 0.85 | 0.95 | 0.84
140 — — — — —_ — | 3.07 | 095|249 | 0.93| 2.05| 0.90| 1.70| 0.87 | 1.42 | 0.84 | 1.19 | 0.81 [ 1.01 | 0.80
150 — — — — — — — — | 267|089 2.19| 0.88] 1.81| 0.85| 1.51 | 0.81 | 1.27 [ 0.79 | 1.08 | 0.77
160 — — - — — - — — [ 289|088 2.36)|0.85| 1.95| 0.83| 1.63 | 0.80 | 1.37 [ 0.77 [ 1.16 | 0.74
NOTES:
1. To use suction hot gas and liquid line charts for friction drop other than 2 F, multiply equivalent length by factor belov' and use product in reading
chart,
Liquid Line
Friction Drop (F) Hot Gas Line 8 1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0
Suction Line
Multiplier 4.0 2.0 1.3 1.0 0.8 0.7 0.5 0.4 0.3

2. Pipe sizes are nominal and are for schedule 40 steel pipe.
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CHART %2—SUBCOOLING TO COMPENSATE FOR LIQUID LINE PRESSURE DROP
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REFRIGERANT 500
Example 3 — Liquid Subcooling by Calculation 2. Condensing pressure at 100 F = 116.9 psig
Given: Pressure loss in liquid line = 299 psi
Refrigerant 12 system Net pressure at liquid feed valve = 87 psig
Condensing t t — ) . .
oy _‘;“;‘"f’:g e;;f;fra ure — 100 F 3. Saturation temperature at 87 psig = 82 F
iquid lift — :
Piging eeledion Toss—5 pai (from refrigerant property tables)
Losses thru valves and accessories — 7.4 psi 4. Subcooling required
Find: = condensing temp — saturation temp at 87 psig
Amount of liquid subcooling required to prevent flashing of - 190 Wi 1.8 i . —— .
liquid refrigerant Liquid subcooling required to prevent liquid flashing
" =18 F.
Solution:
1. Pressure loss due to pipé friction = 3.0 psi
Pressure loss due to valves and accessories = 7.4 psi
Pressure loss due to 85 ft liquid lift *At normal liquid temperatures the static pressure loss due
=35/1.8% =195 psi to elevation at the top of a liquid lift is one psi for every

1.8 ft of Refrigerant 12, 2.0 ft of Refrigerant 22, and 2.1 ft

Total pressure loss n liquid line =29.9 psi of Refrigerant 500.
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Sizing of Condenser to Receiver Lines (Condensate Lines)

Liquid line piping from a condenser to a receiver
is run out horizontally (same size as the condenser
outlet connection) to allow for drainage of the con-
denser. It is then dropped vertically a sufficient dis-
tance to allow a liquid head in the line to overcome
line friction losses. Additional head is required for
coil condensers where the receiver is vented to the
inlet of the coil. This additional head is equivalent
to the pressure drop across the condenser coil. The
condensate line is then run horizontally to the re-
ceiver.

Table 17 shows recommended sizes of the con-
densate line between the bottom of the liquid leg
and the receiver.

SUCTION LINE DESIGN

Suction lines are the most critical from a design
standpoint. The suction line must be designed to
return oil from the evaporator to the compressor
under minimum load conditions.

Oil which leaves the compressor and readily passes
thru the liquid supply lines to the evaporators is
almost completely separated from the refrigerant
vapor. In the evaporator a distillation process occurs
and continues until an equilibrium point is reached.
The result is a mixture of oil and refrigerant rich
in liquid refrigerant. Therefore the mixture which
is separated from the refrigerant vapor can be re-
turned to the compressor only by entrainment with
the returning gas.

Oil entrainment with the return gas in a hari-
zontal line is readily accomplished with normal
design velocities. Therefore horizontal lines can and
should be run “dead"” level.

Suction Risers

Most refrigeration piping systems contain a suc-
tion riser. Oil circulating in the system can be
returned up the riser only by entrainment with the
returning gas. Oil returning up a riser creeps up
the inner surface of the pipe. Whether the oil moves
up the inner surface is dependent upon the mass
velocity of the gas at the wall surface. The larger
the pipe diameter, the greater the velocity required
at the center of the pipe to maintain a given velocity
at the wall surface.

Table 18 shows the minimum tonnages required
to insure oil return in upward flow suction risers.

Vertical risers should, therefore, be given special
analysis and should be sized for velocities that
assure oil return at minimum load. A riser selected

@ Air Conditioning Company

TABLE 17 —CONDENSATI; LINE SIZING
CONDENSER TO RECEIVER

(Based on Type L Copper Tubing)

CON- REFRIGERATION, MAX. TONS
DENSATE |Refrigerant | Refrigerant | Refrigerant [“X" MIN.*
LINE SIZE 12 22 500
(0D, In.)
Ya 1.2 1.4 1.2
% 23 2.5 2.4 8”
% 6.4 7.7 6.8
1% 13.3 15.9 14.0
1% 22.5 26 23.6 B
1% 34.6 41 36
2% 69.0 83 72
2% 119 143 125 18”
3% 184 220 194
3% 261 312 274

*This is the minimum elevation required be'ween a condenser coil out-
let and a receiver inlet for the total load when receiver is vented to
coil outlet header (based on 10 ft of horizontal pipe, 1 valve and
2 elbows),

on this basis may be smaller in diameter than its
branch or than the suction main proper and, there-
fore, a relatively higher pressure drop may occur
in the riser.

This penalty should be taken into account in find-
ing the total suction line pressure drop. The hori-
zontal lines should be sized to keep the total pressure
drop within practical limits,

Because modern compressor: have capacity re-
duction features, it is often difficult to maintain the
gas velocities required to return oil upward in verti-
cal suction risers. When the suction riser is sized to
permit oil return at the minimum operating capac-
ity of the system, the pressure drop in this portion of
the line may be too great when operating at full
load. If a correctly sized suction riser imposes too
great a pressure drop at full load, a double suction
riser should be used (Fig. 58).

[ S, o

SUCTION LINE SUCTION LINE
TO COMPRESSOR TO COMPRESSOR

e (] E— \ B r?\ ¢
A
EVAP g
RED. ALTERNATE -WHERE
TEE B IS SMALLER
THAN C
45°STR. G0%6TR. U-BEND OR
ELLS ELLS 2 ELLS
METHOD "a" MIITHOD *B"

F1c. 58 — DouBLE SucTtioN Riser CONSTRUCTION
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—TABLE 18 —MINIMUM TONNAGE* FOR OIL ENTRAINMENT UP SUCTION RISERS

COPPER TUBING—TYPE L

Pipe OD Va % Ya % 1% 1% 1% 2% 2% 3% 3% 4%
Area, Sq In, 146 | 233 | .348 | .484 | .825 | 1.256 | 1.78 | 3.004 | 477 | s.812] 9.213| 11.97
Ref. Sst.
—40 061 J00 [Fhre2 27 .54 91 1.4 2.79 478 | 7.49 | 109 15.1
—50 077 | .138 | 228 34 67 1.13 1.75 3.49 | 599 | 936 | 137 19.0
R-12% 0 93 167 | 278 42 .82 138 [ 214 | 426 | 732 | 114 16.6 23.2
20 a12 | 201 .332 .50 97 1.65 | 255 | 5. 873 | 13.6 | 199 | 27.6
40 132 | 238 | .390 .59 1.15 1.94 3.0 6.0 10.3 16.1 234 | 3246
—40 .09 16 27 Al 79 1.34 2.1 4.1 7.1 1.1 16.1 22.4
—20 i .20 .33 .50 96 1.60 2.5 5.0 8.7 13.5 19.6 | 27.4
R-221 0 .13 24 .39 .59 1.2 1.96 | 3.0 6.1 10.4 162 | 236 | 328
20 16 .28 A6 70 1.4 2.30 3.5 7.1 12,1 18.9 27.6 | 38.1
40 18 33 .54 81 1.6 270 | 41 8.2 14.1 22,0 | 321 44.6
—40 .068 | .12 .20 31 .60 1.0 1.6 3.1 5.4 8.4 12.2 16.9
—20 086 | .16 .26 .39 75 1.3 2.0 3.9 6.8 10.5 15.3 21.4
R-5007 0 110 | a9 .31 A7 .92 1.6 2.4 4.8 8.2 12.8 187 | 26,0
20 A300 |28 .37 .56 1d 1.9 2.9 57 9.9 153 224 | 31.2
40 a50 | .27 A4 67 13 2.2 3.4 6.8 11.6 18,2 26,6 | 368
—60 053 | .10 16 .24 Ab 78 1.2 2.4 4.1 6.4 9.4 13.0
—40 070 | a2 .20 .30 .59 1.0 1.5 3.1 53 8.3 12.0 16.8
ReSigt —20 084 | s 25 .38 74 1.3 1.9 3.8 6.6 10.3 150 | 209
0 .104 19 A1 A7 91 1.5 2.4 47 8.1 12.7 184 | 257
20 J20 | 22 37 .56 1.1 1.8 2.9 57 9.8 152 | 222 | 30.8
40 J46 | 28 A3 .65 1.30 | 2.2 3.3 67 11.4 17.8 260 | 36.1
Pipe OD Ya E Ya % 1% 1% 1% 2% 2% 3% 3% 4%

*Minimum fonnage values are based on the indicated saturation temperatures (SST) with 15 F of superheat and 90 F liquid temperature.

tFor R-12, R-22 and R-500 reduce or increase table values 1% for 10 F less or more superheat.

IFor R-502 reduce or ircrease table values 2% for 10 F less or more superheat. For liquid temperatures other than 90 F, multiply the table values

by the corresponding factor listed in the following table.

Liquid Temperatuies F 50 60 80 90 100 110 120 130 140
c"m"“% R-12, R-22, R-500 1.20 1.15 1.10 1.05 1.00 .95 .90 .85 .80 s
Factors R-502 1.26 | 1.20 1.13 1.07 1.00 94 .88 .82 76 70

Liquid temperature ecuals condensing temperature minus subcooling.

Double Suction Risers

There are applications in which single suction
risers may be sizec for oil return at minimum load
without serious penalty at design load. Where single
compressors with capacity control are used, mini-
mum capacity corresponds to the compressor capac-
ity at its minimum displacement. The maximum-
to minimum displacement ratio is usually three or
four to one, depending on compressor size.

The compressor capacity at minimum displace-
ment should be :aken at an arbitrary figure of
approximately 20 F below the design suction tem-
perature and 90 F liquid temperature and not the
design suction temperature for air conditioning
applications.

Where multiple compressors are interconnected
and controlled so that one or more may shut down
while arother cortinues to operate, the ratio of
maximum to minirium displacement becomes much

greater. In this case a double suction riser may be
necessary for good operating economy at design load.
The sizing and operation of a double suction riser
is described as follows:

1. In Fig. 58 the minimum load riser indicated
by 4 is sized so that it returns oil at the mini-
mum possible load.

2. The second riser B which is usually larger than
riser 4 is sized so that the parallel pressure
drop thru both risers at full load is satisfactory,
providing this assures oil return at full load.

5. A trap is introduced between the two risers as
shown in Fig. 58 During partial load opera-
tion when the gas velocity is not sufficient to
return oil through both risers, the trap gradu-
ally fills with oil until the second riser B is
sealed off. When this occurs, the gas travels
up riser A only and has enough velocity to
carry oil along with it back into the horizontal
suction main,
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The fittings at the bottom of the riser must be
close coupled so that the oil holding capacity of the
trap is limited to a minimum. If this is not done,
the trap can accumulate enough oil on partial load
operation to seriously lower the compressor crank-
case oil level. Also, larger slug-backs of oil to the
compressor occur when the trap clears out on in-
creased load operation, Fig. 58 shows that the larger
riser B forms an inverted loop and enters the hori-
zontal suction line from the top. The purpose of
this loop is to prevent oil drainage into this riser
which may be “idle” during partial load operation.

Example 4 — Defermination of Riser Size — (Single Riser)

Given:
Refrigerant 502 system
Refrigeration load — 20.0 tons
Condensing temperature — 105 F, 15 F subcooling
Suction temperature — 0° F, 15 F superheat
Minimum load — 4 tons
(One of four cylinders operating at — 20 F SST,
15 F superheat, 90 F liguid temperature.)
Type L copper tubing
Height of riser — 10 ft (See Fig. 584 for general arrangement)
Allowable pressure drop in suction line is 2 F

Find:
Size of riser
Suction line pressure drop

Fic. 58A — SuctioN LiNE LAvouT

Solution:

1. Estimated total equivalent length equals 114 times the
actual lineal length. 1.5 X 70 = 105 {t. From Chart 10,
a 254 in. line will carry 20 tons for 165 ft at a pressure
drop of 2 F with 15 F subcooling.

2. The actual equivalent length of the suction line is deter-
mined in two parts, as follows:

a. Riser section at evaporator — 10 ft plus one 234 in.
ell at 4.1 ft. = 14.1 ft.

_ b. Balance of suction, line system — G0 ft plus seven 254
in. ells at 4.1 ft = 88.7 ft total equivalent length =
102.8 ft.

3. From Table 18, R-502, the minimum load for returning
oil up a 254 in. riser at —20 F suction is 6.6 X 1.00 =
6.6 tons. This is greater than the minimum load. Thus,
the riser must be sized at 214 in. which will return oil
down to 3.8 X 1.00 = 3.8 tons.

4. Determine if the 214 in. riser is adequate to carry full load
at 0°F suction without exceeding the specified pressure
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drop. The equivalent length of the riser is: 10 ft + one
215 in. ell at 8.3 ft = 13.3 ft. From Chart 10, the 214
in. riser will carry 20 tons for 58 ft at a pressure drop of
2 F. The loss in the riser for 13.3 ft:

_138f
=EHOHn Y = A0
The loss in the balance of the suction line:
B8 fit -~
=To5 i X2F=107F

The total loss = 46 + 1.07 = 1.i3 F which is within the
2 F specified.

Example 4A — Determination of Riser Size — (Double
Riser)

Given:
Refrigerant 12 system
Refrigeration load — 98.5 tons
Condensing temperature — 105 F, no subcooling
Suction temperature — 40 T, 15 T superheat
Minimum load — 7.0 tons
(Two of 16 cylinders operating at 20 F SST,
15 F superheat, 105 F liquid temperature.)
Type L copper tubing
Height of riser — 10 ft (See Fig. 584 for general arrangement)
Allowable pressure drop in suction ‘ine is 2 F

Find:
Size of Riser
Suction line pressure drop

Solution:

1. Estimated total equivalent leng h equals 114 times the
actual lineal length 1.5 X 70 = 105 ft. From Chart 7, a
414 in. line will carry 98.5 tons for 110 ft at a pressure
drop of 2 F with no subcooling.

2. The actual equivalent length of the suction line equals 70
ft plus eight 414 in. ells at 6. ft = 123.6 ft. This is
greater than 110 ft which gives :. 2 F loss for the 414 in.
size, Therefore, select a 514 in. I'ne which will carry 98.5
tons for 340 ft at a pressure drop 2 F.

3. The actual equivalent length of the suction line is deter-
mined in two parts, as follows:

a. Riser section at evaporator — 0 ft + one 514 in. ell at
8.2 ft =182 ft.

b. Balance of suction line systen. — G0 ft + seven 514 in.
clls at 82 ft = 1174 ft. To:al equivalent length =
135.6 ft.

4. From Table 18, R-12, a 214 in. r ser will return oil when

carrying 5.1 % .925 = 4.7 tons at £0 F suction temperature.

5. Determine if the 214 in. riser i; adequate to carry full
load at 40 F suction without exceeding the specified
pressure drop. The equivalent length of the riser is 10 ft

+ one 2i4 in. ell at 3.3 ft = 18.3 ft. The pressure drop in

the balance of the suction line is:

1174 ft

WXQF: 69 F

The pressure drop allowed for the riser is then 2 F
—.69 F or 1.31 F. The chart equivalent length of a 214 in.
line having a pressure drop or 1.£1 F is:

i
131 F>< 13.3 ft = 20 £t
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Chart 7 at 20 ft shows the 214 in. line is only capable of
carrying 42 tons. Thus a second riser is necessary.

6. Fig. 58B illustrates a recommended arrangement of
double suction rise's. Riser A size would be the 214 in.
selected in Step 4. Riser B must be sized by a “cut
and try” method. .\s a first trial, size Riser B one size
smaller than the se.ected suction line of 414 in. Equiva-
lent lengths for Risers A and B are as follows:

EVAPORATOR

F16. 58B—DousLE SucTioN RISER

Riser A
Equivalent pipe lengths
One 214 in, ell 3.3
One 214 in. branch tee 10.0
One 514 in. reduc ng tee 13.0
Actual pipe lengtk 13.0
Total equivalent ‘ength 303 ft
Riser B
Equivalent pipe lengths
Three 414 in. ells 20.1
One 514 in, reduc ng tee 12.0
One 414 in. branch tee 21.0
One 414 in. “U” 17.0
Actual pipe lengtk 13.0
Total equivalent Jength 831 ft

Pressure drop availeble for the riser is 1.31 F from Step 5.
For Riser A, the chart equivalent length of a 214 in.
line is:
_2F

1817 X 39.3 ft = 60.0 ft
For Riser B, the chart equivalent length of a 414 in.
line is:

2F _ "

T3 F ~ 881 f = 1270 fi
From Chart 7, the 214 in. line is capable of carrying 23
tons and the 414 in. line is capable of carrying 92 tons,
The combined capzcity is 115 tons, which is acceptable.
Riser pressure drop is equal to:

98.5 tons

115 tors_x 131 F=1.12F

Total pressure drop = 1LI2F + 69 F =181 F

DISCHARGE (HOT GAS) LINE DESIGN

The hot gas line should be sized for a practical
pressure drop. The effect of pressure drop is shown
in Table 16, page 43.

Discharge Risers

Even though a low loss is desired in the hot gas
line, the line should be sized so that refrigerant gas
velocities are able to carry along entrained oil. In
the usual application this is not a problem. How-
ever, where multiple compressors are used with
capacity control, hot gas risers must be sized to carry
oil at minimum loading.

Table 19 shows the minimum tonnages required
to insure oil return in upward flow discharge risers.
Friction drop in the risers in degrees F per 100 ft
equivalent length is also included.

Double Discharge Risers

Sometimes in installations of multiple com-
pressors having capacity control a vertical hot gas
line sized to entrain oil at minimum load has an
excessive pressure drop at maximum load. In such
a case a double gas riser may be used in the same
manner as it is used in a suction line. Fig. 59 shows
the double riser principle applied to a hot gas line.

Sizing of double hot gas risers is made in the
same manner as double suction risers described
earlier.

REFRIGERANT CHARGE

Table 20 is used to determine the piping system
refrigerant charge required. The system charge
should be equal to the sum of the charges in the
refrigerant lines, compressor, evaporator, condenser
and receiver (minimum operating charge).

vy
ALTERNATE - WHERE "B" IS
SMALLER THAN "¢”

FROM FROM FROM
COMPRESSOR COMPRESSOR COMPRESSOR

TO
CONDENSER

HOT GAS DISCHARGES

Fi1c. 59 — DousLE Hor Gas RiIsEr
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TABLE 19—MINIMUM TONNAGE FOR OIL ENTRAINMENT UP HOT GAS5 RISERS
COPPER TUBING—TYPE L

Pipe OD Va S8 b K] 1V 1% 1% 2Vs 2% 3V 3% 4%
Area Sq In. 146 .233 348 484 825 1.256 1.78 3.094 4.77 6.812 9.213 11.97
Ref. Sct.
80 i 31 .51 77 1.51 2.54 3.93 7.84 13.5 21.0 30.7 42.6
920 A7 | .51 77 1.51 2.54 3.92 7.84 13:5 21.0 307 42.6
100 N7 .31 31 77 1.51 2.54 3.92 7.84 13.5 21.0 30.7 42.6
110 A7 31 2L 77 1.50 2.53 3.90 7.81 13.4 20.9 30.5 42.6
R-12'* 120 A7 .30 .50 75 1.47 2.49 3.84 7.66 13.2 20.6 30.0 41.6
130 A7 .30 49 72 1.45 2.44 3.77 7.54 12.9 20.3 29.4 40.8
140 16 .28 .47 71 1.38 2.33 3.61 7.20 12.4 19.4 28.2 39.9
150 a5 .28 .47 71 1.38 2.33 3.60 7.18 123 19.3 28.1 38.9
160 15 .27 .45 .68 1.34 2.24 3.47 6.95 11.9 18.6 271 37.6
80 23 .42 69 1.04 2.0 3.4 5.3 10.6 18.2 283 41.5 57.5
90 Firi 42 69 1.04 2.0 3.4 53 10.6 18.2 28.2 413 573
100 .23 .42 69 1.03 2.0 3.4 53 10.5 18.0 28.1 41.0 56.7
110 .23 41 .67 1.02 2.0 3.4 5.2 10.4 17.9 27.9 40.8 56.5
R-22* 120 22 40 .66 1.00 2.0 3.3 51 10.2 17.5 27.4 39.9 55.4
130 22 39 .64 .98 1.9 3.2 5.0 10.0 17.2 26.8 39.0 54.0
140 s2l .38 .63 96 19 3.2 4.9 9.7 16.7 26.1 38.0 52.6
150 o) 37 .61 .93 1.8 3.1 4.7 9.4 16.2 25.2 36.8 51.0
160 .20 36 9 .89 1.7 2.9 4.5 9.0 15.5 24.1 35.2 48.8
80 .20 36 .59 .89 1.73 2.92 4.51 9.0 15.5 24.2 354 49.0
920 .20 35 .58 .88 1.73 2.86 4.49 8.9 15.4 24.0 35.0 48.5
100 .20 35 .38 .88 1.73 2.86 4.47 8.8 15.3 23.8 34.9 48.2
R-500* 110 .20 35 .57 .87 1.70 2.86 4.45 8.7 15.2 23.7 34.7 48.0
120 19 .34 .56 .Bé6 1.66 2.82 4.44 87 15.0 233 341 47.3
130 a9 .34 .56 .85 1.64 2.78 4.29 8.6 14.7 23.0 33.6 46.5
140 .18 .33 .54 .83 1.61 2.71 4.20 8.4 14.4 22.5 32.8 45.5
80 .18 32 .53 .80 1.55 27 4.1 8.2 14.1 19 32.5 443
90 i 31 51 0 1.49 2.52 3.92 7.8 13.4 20.9 30.5 423
100 165 .30 .50 74 1.44 2.45 3.8 7.55 13.0 20.2 29.5 40.9
R-5021 110 160 .29 .48 a2 1.41 2,38 3.7 7.35 12.7 197 28.7 39.8
120 154 .28 46 .69 1.33 2,26 3.52 7.0 12.4 187 27.3 37.9
130 .145 .26 .43 .65 127 2.14 3.34 6.62 11.4 17.8 25.9 359
140 135 .24 .40 .61 1.18 1.98 3.08 6.15 10.6 16.4 24.0 33.3
Pipe OD V2 ] 3 T 1% 1% 1% 2Ys 2% 3 3% 4%
SCT—Saturated Condensing Temperature.
*Minimum tonnages are based on a saturated suction temperature of TMinimum tonnages are based on o saturated suction temperature of
420 F with 15 F of superheat at the indicated saturated condensing —20 F. All other conditions are the same as above.
temperatures with 15 F subcooling and actual discharge temperature For suction temperatures other than the —Z0 F, mutiply the table values
based on 70% compressor efficiency. by the following factors:
For suction temperatures other than the 20 F, multiply the table values Sal. suct temperatures —%60 —40 --20 0 +20 +40
by the following factors: Correction factor 87 94 1.0 108 1.5 1.21
Sat. suct temperature —40 —20 0 +20 + 40
Correction factor .85 .90 .95 1.0 1.06

TABLE 20—FLUID WEIGHT OF REFRIGERANT IN PIPING
(Lb/10 ft of length)

PIPE SIZE* SUCTION LINES LIQUID LINES 10T GAS LINES
Copper Steel 40 F SAT SUCT TEMP 100 F TEMP 100 F SAT. COND TEMP
OD In. Nom. In. R-12 R-500 R-502 R-22 R-12 R-500 R-502 R-22 R-12 R-1 00 R-502 R-22
Ya 3% .013 .013 .022 .016 .80 70 75 22 .032 032 .044 .047
5 Va .021 .02 .036 .025 1.28 113 1.20 1.15 .051 052 071 075
T 3 .043 .042 075 .051 2.65 233 2.48 2.40 105 A3 .148 16
L 1 .073 .072 128 .087 4.52 3.98 4.23 4.09 .18 .18 .252 27
1% TVa .110 11 195 .13 6.87 6.06 6.44 6.22 27 2B .384 .40
15 1% 16 A5 276 A9 9.74 8.56 9.12 8.81 39 S .543 57
2% 2 .27 27 .481 33 16.9 14.9 15.9 15:3 .67 09 .945 .99
2% 2'2 42 41 74 .51 26.1 23.0 24.5 23.6 1.04 i 1.46 1.5
3% 3 .60 .59 1.06 T2 37.3 32.9 35.0 33.7 1.5 1. 2.08 2.2
3% 3z .81 .80 1.43 .98 50.5 44.3 47.3 45.6 2.0 24 2.81 3.0
4% 4 1.05 1.04 1.86 1.27 65.5 57.6 61.3 59.3 2.6 2.7 3.66 3.8
5% 5 1.64 1.62 2.90 1.98 102.0 90.0 95.6 93.0 4.1 4, 5.70 6.0
&% 6 2.36 2.33 4.17 2.84 147.0 130.0 137.5 133.0 5.8 6.1 8.20 8.6
8% 8 4.11 4,06 7.40 4.96 257.0 227.0 244.0 232.0 10.2 10. 14.50 15.0
To Correct for Temperatures Other Than Above, Multiply by the Following Factors:
SUCT LINE—SAT. TEMP F LIQUID LINE—SAT. TEMP F HOT GAS LINE—SAT. TEMP F
REFRIGERANT
50 30 10 —10 —30 40 60 80 100 120 80 90 100 110 120
12 1.18 .84 59 39 .26 1.09 1.06 1.03 1.00 97 D .87 1.00 1.15 1.33
500 1.18 .84 .58 b .26 1.10 1.07 1.04 1.00 96 74 .87 1.00 1.15 1.33
502 117 .85 o) 41 .27 1.12 1.09 1.05 1.00 95 b i} .85 1.00 1.16 1.37
22 1.18 .84 .58 39 .25 1.11 1.08 1.04 1.00 .98 74 .86 1.00 1.16 1.35

*Refrigerants 12, 22, 500 and 502 weights are for OD sizes of Type L copper pipe.
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REFRIGERANT PIPING LAYOUT
EVAPORATORS

Suction Line Loops

Evaporator sucticn lines should be laid out to
accomplish the following objectives:
1. Prevent liquid refrigerant from draining into
the compressor during shutdown.

2. Prevent oil in an active evaporator from drain-

ing into an idle evaporator.

This can be don¢ by using piping loops in the
lines connecting the evaporator, the compressor and
the condenser. Stardard arrangements of suction
line loops based on standard piping practices are
illustrated in Fig. 66.

Figure 60a shows the compressor located below a
single evaporator. An inverted loop rising to the top
of the evaporator should be made in the suction line
to prevent liquid refrigerant from draining into the
compressor during shutdown,

A single evaporator below the compressor is il-
lustrated in Ilig. 60L. The inverted loop in the suc-
tion line is unnecesiary since the evaporator traps
all liquid refrigerant,

Figure 60c shows multiple evaporators on differ-
ent floor levels witi the compressor below. Fach
individual suction line should be looped to the top
of the evaporator before being connected into the
suction main to prevent liquid from draining into
the compressor durirg shutdown.

Figure 60d illustrates multiple evaporators stacked
on the same floor 'evel or may represent a two-
circuit single coil operated from one liquid solenoid
valve with the compressor located below the evap-
orator, In this arran;zement it is possible to use one
loop to serve the pursose.

Where coil banks on the same floor level have
separate liquid solenoid valves feeding each coil,
a separate suction riser is required from each coil,
similar to the arrangements in Fig. 60c and 60e for
best oil return performance. Where separate suction
risers are not possible, use the arrangement shown
in Fig. 60f.

Figure 60g shows multiple evaporators located on
the same level and the compressor located below the
evaporators. Each suction line is brought upward
and looped into the top of the common suction line.
The alternate arrangzment shows individual suction
lines out of each evaporator dropping down into a
common suction healer which then rises in a single
loop to the top of the coils before going down to
the compressor. An ¢lternate arrangement is shown

in Fig. 60h for cases where the compressor is above
the evaporator.

When automatic compressor pumpdown control
is used, evaporators are automatically kept free of
liquid by the pumpdown operation and, therefore,
evaporators located above the compressor can be
free-draining to the compressor without protective
loops.

The small trap shown in the suction lines imme-
diately after the coil suction outlet is recommended
to prevent erratic operation of the thermal expan-
sion valve. The expansion valve bulb is located in
the suction line between the coil and the trap. The
trap drains the liquid from under the expansion
valve bulb during compressor shutdown, thus pre-
venting erratic operation of the valve when the
compressor starts up again. A trap is required only
when straight runs or risers are encountered in the
suction line leaving the coil outlet. A trap is not
required when the suction line from the coil outlet
drops to the compressor or suction header immedi-
ately after the expansion valve bulb.

Suction lines should be designed so that oil from
an active evaporator does not drain into an idle
one, Fig. 60e shows multiple evaporators on different
floor levels and the compressor above the evapora-
tors. Lach suction line is brought upward and
looped into the top of the common suction line if its
size is equal to the main. Otherwise it may be
brought into the side of the main, The loop pre-
vents oil from draining down into cither coil that
may be inactive.

Figure 60f shows multiple evaporators stacked
with the compressor above the evaporators. Oil is
prevented from draining into the lowest evaporator
because the common suction line drops below the
outlet of the lowest evaporator before entering the
suction riser.

If evaporators must be located both above and
below a common suction line, the lines are piped
as illustrated in Figs. 60a and 60b, with (a) piping
for the evaporator above the common suction line
and (b) piping for the evaporator below the com-
mon suction line.

Multiple Circuit Coils

All but the smallest coils are arranged with mul-
tiple circuits. The length and number of circuits
are determined by the type of application. Multiple
circuit coils are supplied with refrigerant thru a
distributor which regulates the refrigerant distribu-
tion evenly among the circuits. Direct expansion
coils can be located in any position, provided proper
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F16. 60 — STANDARD ARRANGEMENTS OF SUCTION LINE Loops (ONe-Circuit CoiLs SHOWN)

refrigerant distribution and continuous oil removal
tacilities are provided.

In general the suction line piping principles
shown in Fig. 60 should be employed to assure
proper expansion valve operation, oil return and
COIMPressor protection.

Figures 61 and 62 show direct expansion air coil
piping arrangements in which the suction connec-
tions drain the coil headers cffectively. Fig. 61 shows
individual suction outlets joining into a common
suction header below the coil level. Fig. 62 il-
lustrates an alternate method of bringing up each
suction line and looping it into the common line.
The expansion valve equalizing lines are connected
into the suction header downstream of the expan-
sion valve thermal bulb.

Figure 63 illustrates the use of a coil having con-
nections at the top or in the middle of each coil
header, and piped so that this connection does not
drain the evaporator. In this case oil may become
trapped in the coil. The figure shows oil drain lines
from connections supplied for this purpose. The
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drain lines extend from the suction connection at
the bottom end of each coil header to the common
suction header below the coil level.

EXPANSION
VALVE

LIQuUID

EQUALIZER LINE
LOCATE BULB 45°

ABOVE BOTTOM OF °IPE AND
AS CLOSE AS POSSISLE

BUQTION CNE TO COIL OUTLET

TO COMPRESSOR

Fi16. 61 — DX Coir UsiNG SucTion CONNECTIONS TO
Drain Coir, Suction Heaper BerLow CoiL
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Fic. 62 — DX CoiL UsiNG SucTioN CONNECTIONS TO
Drain CoiL, SuctioN HEADER ABovE CoiL

Dry Expansion Coolers

Figures 64 and 6¢ show typical refrigerant piping
for a dry expansior: cooler and a flooded cooler re-
spectively.

In a dry expansion chiller the refrigerant flows
thru the tubes, and the water (or liquid) to be cooled
flows transversely over the outside of the tubes. The
water or liquid flow is guided by vertical baffles.
Multi-circuit coolers should be used in systems in
which the compressor capacity can be reduced below
509%,. This is recominended since oil cannot be prop-
erly returned and good thermal valve control cannot
be expected below this minimum loading per circuit.

It is also recommended that the minimum capac-
ity of a single circuit should be not less than 509, of

g \'L'\‘// SUCTION LINE

3 0

A "~ compressoR

Q AIR
FLOW

Fi16. 63 — DX CoiL Using O1L RETURN DRAIN
CoNNECTIONS To DrAIN OIL
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EXPANSION

VALVE \

SOLENOID
VALVES

Fi16. 64 — Dry ExpransioN COOLER

its full capacity. In addition, refrigerant solenoid
valves should be used in the liquid line to each
circuit of a multi-circuit cooler in a system in which
the compressor capacity can be reduced below 509,
A liquid suction interchanger is recommended with
these coolers.

For the larger size DX coolers a pilot-operated
refrigerant feed valve connected to a small thermo-
static expansion valve (Fig. 65) may be used to ad-
vantage. The thermostatic expansion valve is a pilot
device for the larger refrigerant feed valve.

Flooded Coolers

In a flooded cooler the refrigerant surrounds the
tubes in the shell, and water or liquid to be cooled
flows thru the tubes in one or more passes, depend-
ing on the baffle arrangement.

Flooded coolers require a continuous liquid bleed
line from some point below the liquid level in the
cooler shell to the suction line. This continuous
bleed of refrigerant liquid and oil assures the re-
quired return of oil to the compressor. It is usually

LIQUID SUCTION
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LIQuiD LINE—‘J

|.—— SUCTION LINE

) THERMAL
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Z PILOT SOLENOID
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F16. 65 — Hookup FOR LARGE DX
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Fi16. 66 — FLoopED COOLER

drained into the suction line so that the oil can be
returned to the cooler with the suction gas. This
drain line should be equipped with a hand shut-off
valve, a solenoid valve and a sight glass. The sole-
noid valve should be wired into the control circuit
in such a manner that it closes when the compressor
stops.

A liquid suction interchanger, installed close to
the cooler, is required to evaporate any liquid re-
frigerant from the refrigerant oil mixture which is
continuously bled into the suction line.

Since flooded coolers frequently operate at light
loads, double suction risers are often necessary.

To avoid freeze-up the water supply to a flooded
cooler should never be throttled and should never
bypass the cooler.

COMPRESSORS
Suction Piping

Suction piping of parallel compressors should be
designed so that all compressors run at the same
suction pressure and so that oil is returned to the
running compressors in equal proportions. To in-
sure maintenance of proper oil levels, compressors
of unequal sizes may be erected on foundations at
different elevations so that the recommended crank-
case operating oil level is maintained at each com-
pressor.

All suction lines are brought into a common suc-
tion header which is run full size and level above
the compressor suction inlets. Branch suction line
take-offs to the compressors are from the side of the
header and should be the same size as the header.
No reduction is made in the branch suction lines to
the compressors until the vertical drop is reached.

@ Air Conditioning Company

F16. 67 — Lavout oF SuctioN AND HoT Gas LINEs
FOR MULTIPLE COMPRESSOR OPERATION

This allows the branch line t> return oil propor-
tionally to each of the operating compressors.

Figure 67 shows suction and hot gas header ar-
rangements for two compresscrs operating in par-
allel.

Discharge Piping

The branch hot gas lines from the compressors
are connected into a common header. This hot gas
header is run at a level below that of the compressor
discharge connections which, for convenience, is
often at the floor. This is equivalent to the hot gas
loop for the single compressor shown in Fig. 68.

The hot gas loop accomplishes two functions:

GAS CONNECTION

AT TOP OF

CONDENSER ~—— CHECK VALVE
/HOT GAS LINE

CONDENSER

{ EVAPORATIVE OR
WATER-COOLED)

LOOP TO
FLOOR —

F16. 68 — Hot G+s Loop




3-66 PART 3. PIPING DESIGN

GAS

HOT GAS
EQUALIZER
olL
EQUALIZER
1
PLUG
FOR DRAIN

EQUALIZER // {

OIL AND GAS EQUALIZERS

Fi1c. 69 — INTERCONNECTING P1PING FOR MULTIPLE CONDENSING UNITS

1. It prevents gas, which may condense in the hot
gas line during the off cycle, from draining
back into the heads of the compressors. This
eliminates compressor damage on start-up.

2. It prevents oil, which leaves one compressor,
from draining into the head of an idle one.

Interconnecting Piping

In addition to suction and hot gas piping of par-
allel compressors, oil and gas equalization lines are
required between compressors and between con-
densing units,

An interconnecting oil equalization line is needed
between all crankcases to maintain uniform oil
levels and adequate Jubrication in all compressors.
The oil equalizer may be run level with the tappings
or, for convenient acress to the compressors, it may
be run at floor level (Fig. 69). Under no condition
should it be run at a level higher than that of the
compressor tappings.

Ordinarily, proper equalization takes place only
if a gas equalizing line is installed above the com-

pressor crankcase oil line. This line may be run level
with the tappings, or may be raised to allow head
room for convenient access. It should be piped level
and supported as required to prevent traps from
forming.

Shut-oft valves should be installed in both lines
so that any one machine may be isolated for repair
without shutting down the entire system. Both lines
should be the same size as the tappings on the
largest compressor. Neither line should be run di-
rectly from one crankcase into another without
forming a U-bend or hairpin to absorb vibration.

When multiple condensing units are intercon-
nected as shown in Fig. 69, it is necessary to equalize
the pressure in the condensers to prevent hot gas
from blowing thru one of the condensers and into
the liquid line. To do this a hot gas equalizer line is
installed as shown, If the piping is looped as shown,
vibration should not be a problem. The equalizer
line between units must be the same size as the
largest hot gas line.
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EVAPORATIVE CONDENSER

Pt

HOT GAS
LINE
—_—

-

PURGE (1/4") —
LOCATE HERE

/ SAFETY RELI:F
/ NOT ARG VALVE CONNECTION
coL—e/ / RECEIVER (SEE USAS-B9 )
/ G\S‘Q+ \ RECEIVER
/ / N
/ TURN VALVE ON
ENTIRE DRAIN LINE SIDE TO AVOID

TO BE SAME SIZE
AS COIL OUTLET et

T

|

FORMING TRAP

LIGUID LEVEL
4=—SICHT GLASS
{OF TIONAL)

HORIZONTAL LENGTH OF CONDENSATE
PIPING LESS THAN 6 FEET (MUST
CONNECT TO UPPER PART OF RECEIVER)

Fi1c. 70 — Hot Gas anp Liguip PiriNg, SINGLE CoiL UNiT WiTHOUT RECEIVIR VENT

CONDENSERS

Liquid receivers are often used in systems having
evaporative or air-cooled condensers and also with
water-cooled condensers where additional liquid
storage capacity is required to pump down the
system, However, in many water-cooled condenser
systems the condenser serves also as a receiver if the
total refrigerant in the system does not exceed its
storage capacity.

When receivers are used, liquid piping from the
condenser to the receiver is designed to allow free
drainage of liquid from the condenser at all times.
This is possible only if the pressure in the receiver
is not allowed to rise to the point where a restriction
in flow can occur.

Liquid flow from the condenser to the receiver
can be restricted by any of the following conditions:

1. Gas binding of the receiver.
2. Excessive friction drop in the condensate line.

3. Incorrect condensate line design.
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The following piping recommendations are made
to overcome these difficulties.

Evaporative Condenser to Receiver Piping

Liquid receivers are used on evaporative con-
densers to accommodate fuctuations in refrigerant
liquid level, to maintain a seal, and to provide stor-
age [lacilities for pumpdown. An equalizing line
from the receiver to the condenser is required to
relieve gas pressure tending to develop in the re-
ceiver, Otherwise liquid hangup in the condenser
due to restricted drainage car occur. The receiver
can be vented directly thru the condensate line to
the condenser outlet, or by zn external equalizer
line to the condenser,

Figure 70 shows a single evaporative condenser
and receiver vented back thru the condensate drain
line to the condensing coil outlet. Such an arrange-
ment is applicable to a clos: coupled system. A
separate vent is not required. 1{owever, it is limited
to a horizontal length of condensate line of less than
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EVAPORATIVE CONDENSER

HOT GAS LINE —=

£

e

SAME SIZE AS OUTLET
TO SECOND ELBOW

FROM TA3LE I7
FOR VENTING AS
SHOWN, (CTHERWISE
CONSULT
CONDENSER MANUFACTURER

SIZE CONDENSATE LINE

/ TO EVAPORATOR
(FROM TABLE 17) MAINTAIN LEVEL

/—VENT LINETO
COIL OUTLET
HEADER

SAME SIZE AS OUTLET
TO SECOND ELBOW

X" ™__T0 LOWER CONN
ON RECEIVER

DETAIL "Y"

f\
TO EVAPORATOR

PURGE (1/4") -

LOCATE HERE NOT

AT TOP OF RECEIVER

RECEIVER VENT(SIZE FROM TABLE 21)
TO COIL OUTLET HEADER

SAFETY RELIEF

VALVE CONNECTION
(SEE USAS-B9.1)

TURN VALVE ON
SIDE TO AVOID

LIQUID LEVEL
=——SIGHT GLASS
{OPTIONAL)

INLET MAY BE LOCATED AT

BOTTOM. SEE DETAIL"Y"ABOVE,

(IF AT BOTTOM, X" MIN. WOULD
BE MEASURED FROM COIL
OUTLET TO BOTTOM

CONNECTION.)

Fic. 71 — Hot Gas anp Liguip PipiNg, SiNGLE CoiL UniT WitH RECEIVER VENT

6 ft. The entire condensate line from the condenser
to the receiver is the same size as the coil outlet.
The line should be pitched as shown.

Figure 71 shows the refrigerant piping for a single
unit with receiver vent. Note that the condensate
line from the condenser is the full size of the out-
let connection and is not reduced until the second
elbow is reached. ""his arrangement prevents trap-
ping of liquid in the condenser coil.

Table 21 lists recommended sizing of receiver
vent lines.

There are some systems in current use without a
receiver but it must be recognized that problems can
occur which can be avoided if a receiver is used.

Such an arrangenent is more critical with respect
to refrigerant charge. An overcharged system can

waste power and cause a loss of capacity if the over-
charge backs up into the condenser. An under-
charged system also wastes power and causes a loss
of capacity because the evaporator is being fed par-
tially with hot gas. Therefore, if the receiver is
omitted, an accurate refrigerant charge must be
maintained to assure normal operation.

TABLE 21 —RECEIVER VENT LINE SIZING

Receiver to Condenser

VENT LINE SIZE BASED ON
TYPE L COPPER TUBING “(;:L‘f“:::;‘;"
(In. OD) e
% to - 40
% 40 - 80
1% 80 - 120
1% Above 120
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NOTE
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Fic. 72 — Hot Gas anp Liguip Prring, MurTipLE DousLe CoiL UNiT

The advantage of such an arrangement is an eco-
nomic one; equipment cost is lower since receiver
and valves are eliminated and the system operating
charge is lower if charged accurately.

Figure 72 shows a piping arrangement for mul-
tiple units. Note that there are individual hot gas
and vent valves for each unit. These valves permit
operation of one unit while the other is shut down.
These are essential because otherwise the idle unit,
at lower pressure, causes hot gas to blow thru the
operating unit into the liquid line. Purge cocks
are also shown, one for each unit.

The hot gas piping should be such that the
pressure in each condenser is substantially the same.
To accomplish this the branch connection from the
hot gas header into each condenser should be the
same size as the condenser coil connection.
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Figure 73 shows a subcooling coil piping arrange-
ment. The subcooling coil must be piped between
the receiver and the evaporator for best liquid sub-
cooling benefits.

Multiple Shell and Tube Condensers

When two or more shell and tube condensers are
applied in parallel in a single system, they should
be equalized on the hot gas side and arranged as
shown in Fig. 75.

The elevation difference between the outlet of
the condenser and the horizontal liquid header must
be at least 12 in., preferably greater, to prevent gas
blowing thru. The bottoms of :ll condensers should
be at the same level to preveni backing liquid into
the lowest condenser.

When water-cooled condensers are interconnected

as shown, they should be fed from a common water
regulating valve, if used.
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EVAPORATIVE CONDENSER
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s
[l

Fi16. 73 — SuscooLinG CoiL P1pING

An inverted loop of at least 6 ft is recommended
in the liquid line to prevent siphoning of the liquid
into the evaporator (or evaporators) during shut-
down. Where a liquid line solenoid valve or valves
are used, the loop is unnecessary.

Figure 74 shows 1 similar loop for a single con-
denser with the evaporator below.

6' MINIMUM

Vibration of Piping

Vibration transmitted thru or generated in refrig-
erant piping and the objectionable noise which re-
sults can be elimirated or greatly minimized by
proper design and support of the piping.

The best way to prevent compressor vibration
from being transmi:ted to the piping is to run the
suction and discharge lines at least 6 pipe diameters
in each of three dir:ctions before reaching the first
point of support. In this manner the piping can ab- Fic. 74 — Liguip LiNE FRoM CONDENSER OR RECEIVER
sorb the vibration wthout being overstressed. TO EvAPORATOR LOCATED BELOW

/LIOUID LINE

SUCTION FROM EVAPORATOR TO EVAPORATOR BELOW
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CONDENSERS
OR
RECEIVERS

12"
MINIMUM
LIQuID

LEG

371

70 EvAPORATOR |
(IF ABOVE
CONDENSERS)—/l

TO EVAPORATOR
(IF BELOW
CONDENSERS ) —

Fi16. 75 — Liguip P1pING To INSURE CONDENSATE FLOW FROM INTERCONNECTED CONDENSERS

The hot gas loop from the compressor can be
attached to the compressor base by means of a
bracket if the base is isolated. If there is enough
space in the horizontal run of the loop, two brackets
are recommended to eliminate excessive rocking
movement of the pipe. Brackets should be attached
at the point of minimum movement of the com-
pressor assembly. The riser following the loop is
supported as close as possible to the compressor.

If the compressor is mounted on a resilient base,
the pipe support should have a resilient isolator.
The isolator is selected for four times the deflection
in the spring support of the compressor base.

See “Vibration Isolation of Piping Systems” in
Chapter I for further discussion of the subject.

REFRIGERANT PIPING ACCESSORIES

LIQUID LINE
Liquid Suction Interchangers

These are devices which subcool the liquid re-
frigerant and superheat the suction gas. The follow-

@ Air Conditioning Company

ing describes four reasons for their use and the best
location for each application:

1. To subcool the liquid refrigerant to com-
pensate for excessive liquid line pressure drop.
Location — near condenser. Liquid suction in-
terchangers are not recommended for single
stage applications using R:frigerant 22 because
superheating of the suction gas must be lim-
ited to avoid compressor overheating. How-
ever, where they are used to prevent liquid
slop-over to the compressor, superheating of the
suction gas should be limited to 20 F above
saturation temperature. A liquid suction inter-
changer so designed to limit the superheat of
the suction gas should hive a bypass so that
operating adjustments mav be made.

2. To act as an oil rectifier. Location — near evap-
orator.

3. To prevent liquid slop-over to the compressor.
Location — near evaporatcr.

4. To increase the effciency of the Refrigerant

12 and 500 cycles. Locaticn — near evaporator
to avoid insulation of subzooled liquid line.
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Fi16. 76 — L1QuID SUCTION INTERCHANGER

Two common types of liquid suction inter-

changers are:

1. The shell and coil or the shell and tube ex-
changer, suitable for increasing cycle efficiency
and for liquic subcooling. This type is usually
installed so that the suction outlet drains the
shell to prevent oil trapping.

2. The tube-in-iube interchanger (Figs. 76 and
77), a preferable type for controlling slop-over
caused by erratic expansion valve feed or for
“rectifying” Jube oil from a refrigerant oil
mixture bled from a flooded evaporator.

Excessive superheating of the suction gas must be
avoided with heat exchangers since it causes exces-
sive compressor discharge temperatures. Therefore,
the amount of liquid subcooling permissible by a
liquid suction interchanger is limited to the amount
of suction gas superheating that does not cause com-
pressor damage when the gas is compressed to the
discharge pressure. Beyond this point additional
subcooling should be obtained from other sources.

Charts 23 and 24 are used to determine the length
(A) of a concentric tube-in-tube interchanger (Fig.
76). The amount of liquid subcooling available is

VA A A /A

/4 LI i A iAW T T

—

SUCTION

Ve veRvERAY L D L L W W L W W

L D

Trrrr—— SUCTION

GAS IN

= GAS OUT

o v

LIQuID oUT

LIQUID IN

F16. 77 — EccENTRIC THREE-PIPE L1QUID SUCTION INTERCHANGER
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CHART 23—EFFICIENCY CURVES, DOUBLE TUBE LIQUID SUCTION INTERCHANGER,
Refrigerants 12 and 500

40 - - {ucyit Tus§ SIZES
VZ y;@;g‘ @%5%@
s FOR 1§ SUCTION LINE 7/§§ \i./%ﬁ>2§§>&f% 5%’/
== A S
Y757
i
T TN T 5| 00s| s ab v |ed |40 |soko|ms | |

LENGTH OF INTERCHANGER (FT)"A"

L gas H — Ent 1l
NOTES: 1. E (exchanger eficlency) = —ototomP <t GRAIOTR ¢ 40 3, Type L tubing for Refrigerants 12 and 500, Liquid in an wlar space.

Ent liq temp — Ent gas temp T g
2. Liquid refrigerant subscooling multipliers — Refrigerant 12 = 653, 4 MelvhENEE K st Rgatatie,

Refrigerant 500 = 571

CHART 24 —EFFICIENCY CURVES, DOUBLE TUBE LIQUID SUCTION INTERCHANGER,
Refrigerant 22

SUCTION TUBE SIZES

40 | S 7
RANGE OF TONNAGE \\;'é:\.§ é ><<>> /é%é /<<§
FOR I4'SUCTION LINE | - V44 (1 "
o T O
IS
g v i S .
E, &)&%@ sﬁgﬁ%ﬁiéy
Z gy
P e
10 E r ] l 7 1 9 10 i5 20 25 30 35 40
LENGTH OF INTERCHANGER (FT) "A"
T . g i = SIS TR |

4. Liquid tube is next larger size.

2, Liquid refri sub-cooling multiplier — g 22 = 458
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calculated by using the ratio of the specific heats of
the suction gas and of the liquid (subcooling multi-
plier). Example 5 illustrates the use of these charts.

Example 5 — Deferriining the Length of a Concentric
Tube-in-Tube Interchanger

Given:
Refrigerant 12 system
Load — 45 tons
Suction line — 314 in. OD Type L copper
Expansion valve — |0 F superheat
Suction temp — 40 7
Condensing temp — 105 F

Find:
Length of a concer tric tube-in-tube interchanger to super-
heat the suction gis to 65 F (suction gas temperature to
compressor in accordance with ASRE Standard 23R on
rating compressors).
Amount of liquid subcooling.

Solution:
See Chart 23.

1. Determine interchanger efficiency E from equation

leav gas teinp — ent gas temp
ent liq tenip — ent gas temp
65 — 50 15
= o5 =50 X 100 == X 100 = 27.29,
2. With an efficiency of 27.29, a 314 in. OD pipe size and
a 45 ton load, ¢nter Chart 23 as indicated per dashed
line to determine a length (A) of 17 ft.

X 100

3. For Refrigerant |2 the ratio of gas to liquid specific heat
is .653. Therefore, subcooling of liquid refrigerant is
653 X 15 F (leav gas temp — ent gas temp) or 9.8 F.

An eccentric three-pipe interchanger is shown in
Fig. 77. The inner pipe and the outer pipe offer two
surfaces for the exchange of heat between the warm
liquid refrigerant and the colder suction gas. The
required length cf this interchanger can be déter-
mined by using the method shown in Example 5
and by basing the required length on a ratio of rela-
tive surfaces between the liquid refrigerant and the
suction gas.

Liquid Indicators

Every refrigeration system should include a means
of checking for sufficient refrigerant charge. The
common devices used are a liquid line sight glass,
liquid level test cock on condenser or receiver, or
an external gage glass with equalizing connections
and shut-off valves.

The liquid linz sight glass is one of the most
convenient to insiall and use. A properly installed
sight glass shows hubbling when there is an insuffi-
cient charge and a solid clear glass when there is
sufficient charge.

Sight glasses should be installed full size in the
main liquid line and not in a bypass line that par-
allels the main line.

Fic. 78 — DoueLE PorT Liguip INDICATOR

A sight glass with double ports and seal caps is
preferable. The double ports allow a light to be put
behind one port so that the state of the refrigerant
is easily seen. The seal caps serve as an added pro-
tection against leakage or breakage since they are
removed only when checking the refrigerant. Fig. 78
shows a double port liquid indicator with seal caps.

The installation of a double port or see-through
sight glass is recommended in the following
locations:

1. With a single condenser and the evaporator
below the condenser — in the liquid line leav-
ing the condenser or, if a receiver is used, in
the liquid line leaving the receiver.

2. With multiple condensers and the evaporator
below the condensers — in the main liquid line
leaving the condenser bank and also in the
liquid line leaving the receiver if used.

3. With the evaporator above the condenser(s) —
in the liquid line before the thermal expansion
valve. This allows the serviceman to observe
if flashing is taking place.

Strainers

The installation of a strainer ahead of each auto-
matic valve is recommended. Where multiple ex-
pansion valves with integral strainers are used, a
single main liquid line strainer is sufficient to
protect all of these. Fig. 79 shows an angle cartridge
type strainer. A shut-off valve on each side of the
strainer is desirable and should be located as close
to the strainer as possible.

On steel piping systems an adequate strainer
should be installed in the suction line and a filter-

Figures 78-80, courtesy of Mueller Brass Co.
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Fi16. 79 — ANGLE CARTRIDGE TYPE STRAINER

drier in the liquid line to remove the scale and rust
inherent in steel pipe.

Refrigerant Driers

A permanent refrigerant drier is recommended
for most systems and is essential for all low tempera-
ture systems. It is also essential for all systems using
hermetic compressors since the compressor motor
winding is exposed to refrigerant gas. If the gas con-
tains excessive moisture, the winding insulation may
break down and cause the motor to burn out. A full-
flow drier must be used for this type system.

Figure 80 shows an angle type cartridge drier.
The drier should be mounted vertically in the
liquid line. A three-valve bypass (Fig. 81) should
be used to permit isolation of the drier for servicing
and to allow partial refrigerant flow thru the drier.

Reliable moisture indicators (Fig. 82) for liquid
refrigerant lines are available. These devices indi-
cate the proper time to replace the drier cartridge.

Filter-Driers

Tilter-driers (Fig. §3) are more commonly used
than strainers and driers together. The drier mate-
rial actually filters the liquid refrigerant.

Solenoid Valves

Solenoid valves are commonly used in the follow-

ing places:

I. In the liquid line of any system operating on
single pump-out or pump-down compressor
control.

2. In the liquid line of any single or multiple
DX evaporator system.

3. In theoil bleeder lines from flooded evaporators
to stop the flow of oil and refrigerant into
the suction line when the system shuts down.

In many cases it is desirable to use solenoid valves

with opening stems. The opening stem serves as a
by-pass so that the system may continue to operate
in case of solenoid coil failure.
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Fi1c. 80 — ANGLE TYPE DRIER-STRAINER

| ki B
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F1c. 81 — THREE-VALVE ByPAss FOR REFRIGERANT
Drier

=

FiG, 82 — ComBINATION MOI1STURE AND LI1QUID
INDICATOR

Fic. 8% — FILTER-DRIER

Figures 82 and 83, courtesy of Sporlan Valve Co.
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Fic. 84 — REFRIG::RANT CHARGING CONNEGTIONS

Refrigerant Charging Connections

The two usual methods of charging the refrigera-

tion system are:

1. Charging liquid into the liquid line between
the receiver shut-off valve and the expansion
valve. Fig. 84 shows a charging connection in
a liquid line leaving a receiver.

2. Charging gas into the suction line. Except for
very small systzms this method is not practical
because of the time required to evaporate the
refrigerant from the drum and because of the
danger of dumping raw liquid into the com-
pressor.

Expansion Valves

Thermal expansion valves should be sized to
avoid both the penzlties of being undersized at full
load and of being excessively oversized at partial
load. The following items should be considered be-
fore sizing valves:

1. Refrigerant pressure drop thru the system must
be properly eviluated to determine the correct
pressure drop available across the valve.

2. Variations in condensing pressure during oper-
ation affect vave pressure and capacity. Con-
densing pressure should be controlled, there-
fore, to maintain required valve capacity.

3. Oversized thermal expansion valves do not
control as well at full system capacity as prop-
erly sized valves and control gets progressively
worse as the coil load decreases. Capacity re-
duction, available in most compressors, further
increases this problem and necessitates closer
selection of expansion valves to match realistic
loads.

When sizing thermal expansion valves, make the
selection on the basis of maximum load at the de-
sign operating pressure and at least 10 degrees super-

PART 3. PIPING DESIGN

heat. Five degrees is the usual change in super-
heat between a full open and closed position. This
is called the operating superheat. Thus a valve
which operates at 10 degrees superheat at design
load balances out at 5 to 6 degrees superheat at low
load. A low superheat setting at design load, there-
fore, does not provide sufficient margins of safety at
low loads because of the 5 degrees necessary for
operating superheat.

The expansion valve bulb should be located im-
mediately after the coil outlet on the suction line
and 45° above the bottom of the pipe. With this
arrangement the coil is the source of superheat
for valve operation. The valve should be set so that
overfeeding does not occur at times of partial load.

The effect of condensing temperature on the
capacity of an expansion valve for two different
systems is illustrated in Example 6.

Example 6 — Effect of Condensing Temperature on

Expansion Valves
Given:

Two refrigeration systems using Refrigerant 500, one oper-
ating at 40 F suction and 90 F condensing, the other oper-
ating at 40 F suction and 130 F condensing.

SYSTEM 1 SYSTEM 2

40 F Suction | 40 F Suction
90 F Condens. |130 F Condens.

Condensing pressure 121.2 psig 218.2 psig
Liquid line drop 6.2 6.2
Pressure at thermal

expansion valve inlet 115.0 psig 212.0 psig
Suction pressure 46.2 psig 46.2 psig
Suction line losses 2.8 2.8
Coil pressure drop 7.0 7.0
Distributor pressure drop 17.0 17.0
Pressure at thermal

expansion valve outlet 73.0 psig 73.0 psig
Pressure drop available

across valve 42.0 psi 139.0 psi

Assume that a valve of 27.5 ton capacity at 40 F suction
and 60 psi differential is selected.

Find:
Capacity at the pressure drop available across the valve of
systems 1 and 2.

Solution:
The capacities will vary approximately as the square root
of the pressures:
Capacityl _ ( P, 7
Capacity 2 P,
Cap. 42 \14
975 ~\e0 Cap. =23 tons
Cap. 139 \14
975 — \ 60 Cap. = 42 tons
Note that the expansion valve capacity is nearly double at
the higher head pressure.

For system 1

For system 2
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On certain low temperature applications and on
high temperature applications where the design or
partial load least temperature difference (L.T.D.)
between the refrigerant and air or water is extremely
small, it may become necessary to consider the use
of the liquid suction interchanger as a source of
superheat. This is done to increase the effective
evaporator surface by allowing the liquid suction
interchanger to supply the superheat function.

If only one liquid suction interchanger is used
for the applications just mentioned, it should be an
eccentric three-pipe interchanger as shown in Fig.
77. This arrangement permits the expansion valve
bulb to sense the suction gas temperature from the
outside surface of the interchanger. Otherwise two
tube-in-tube interchangers should be used with the
thermal expansion valve bulb located between the
interchangers.

The preferred refrigerant flow in a coil circuit to
obtain superheat is illustrated in Fig. §5.

SUCTION LINE

Back Pressure Valves

A conventional type back pressure regulating
valve is used in a refrigerating system to maintain
a predetermined pressure in the evaporator. A con-
ventional type regulator controls the upstream pres-
sure. The regulator has a spring loaded diaphragm
designed to actuate a seat pilot valve. The actuating
pressure comes from the evaporator or upstream
side of the regulator. When the upstream pressure
against the diaphragm is greater than that exerted
by the spring, the pilot valve opens and a flow of gas
is admitted to the power piston. The piston in turn
causes the main port to open. This permits a flow of
gas from the upstream side of the valve to the down-
stream side. When the actuating pressure becomes
less than that controlled by the spring pressure, the
flow of gas to the power piston is stopped and the
regulator closes.

There are many variations of the back pressure
regulating valve. Several are described in the fol-
lowing:

1. The compensating type, actuated by air or
electricity, varies the suction pressure in ac-
cordance with temperature or load demand.

2. The dual pressure regulator is designed to
operate at two predetermined pressures with-
out resetting or adjustment; by opening and
closing a pilot solenoid, either the low pressure
or the high pressure head operates.

Figure 86 shows a simple back pressure regulating
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Fi16. 85 — PREFERRED REFRIGERANT FLow 1N ColL
CircurT To OBTAIN SUPERHEAT (PLAN VIEW)

valve which is ordinarily used for one of the fol-
lowing purposes:
1. To control evaporator suct.on pressure in spite
of compressor suction pressure variation.

2. To establish evaporator suction pressure when
lower compressor suction pressure is demanded
by another part of the same system.

3. To prevent evaporator freezing when operat-
ing near the freezing temperature.

——PRESSURE
ADJUSTING
STEM

Il

GAGE
CONNECTION “ald

COPPER TUBE
CONNECTION

FOR REFRIGERANTS
12, 22 & 500

—OPENING STEM

@:‘ACKING (iLAND

Fic. 86 — BAcK PRESSURE VALVE
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CHART 25—BACK PRESSURE VALVE APPLICATION CHART

N BER OF ROOM CONTROL
FER EVAPORATON s | THERMOSTAT CONTROLS O fucias Teont et 87 VALVE REQUIRED | REASON REMARKS
Uiuid Ling Solsncid or None = Not Usually See Notes 1, 2| Analyze for Large % OA Jobs
1SR Compressor Motor 50% B Pressure Nc;rﬁUsuﬁ'I'i'y See Notes 1, 2| Analyze for Large T OA Jobs
2-Step Compressor Motors 50% Temperature Not Usually See Motes 1, 2| Analyze for Large 7% OA Jobs
Single Modulafing  |— B Air Bypass None —_— Yes See Note | o
Air Bypass or Modulating Expansion Valve 50% Pressure Sometimes See Note 1 Must Be Analyzed
Air Any Any 3 or more steps Pressure Not Usually See Note | Check frosting on last step
Cenditiening 1-Step Liquid Line Solenoid None _— Usually See Note 1 Check frosting at minimum load
50%, Pressure Not Usually See Note | Check frosting at minimum load
2.8 2 Liquid Line Solenoid: None - Usually See Note 1 Check frosting at minimum load
Multiple i (Rarely Used Control) 50% Pressure Not Usually See Note | Check frosting at minimum load
S Air Bypass Mone —_— Yes See Note | i
e Air Bypass or Modulating Expansion Valve 50%, Pressure Sometimes See Note 1 Must be analyzed
Any Any 3 or more steps Pressure No See Note 1
Uayid Une Solensid or None o= Sometimes See Note 3 Used on commercial chill raoms
Singla 1-Step Compressor Motor ) only. Back pressure valve is by-
liquid Line Solsncld 50% Pressure S i See Note 3 passed during chilling operation.
_— 3 or more steps Pressure No
o | MNone —t Sometimes See Note 3 Used only on rooms where low
Multiple 1-Step Liquid Line Solencid 50% Pressure Sometimes S._e_ f:l‘n'n 3 limit humidity control is desired.
| 3 or more ;;;ps Pressure No 8
Water Single Nene —_— Usually See Note 4
Coaling or 1-Step Compressor Molor 509, Preswre Sometimes Gea holed | G [rfoce” jsmperahireiioy
" minimum load and on last step.
(Fleoded Coalers) Multiple 3 or more steps Pressure Not Usvally See Note 4
NOTES:
It Reason for use of back pressure vave on any air conditioning system is to avoid frosting of coil at light load. Chart applies only to normal i efrigerant t Il ot full load of 40°F or above.

For full load refrigerant temperatur-s from 35°-40%, frosting at light load should be checked. For full load refrigerant temperatures balow 35°, except where certain of constant load, back pressure valve shauld
be used.

2: Except for jobs using lorge % OA, 11is control indicates nearly constant load.
3: Reason for use of back pressure on iny refrigeration system is to set a low limit below which room relative humidity cannot drop at light load.
4: Reason for use of back pressure vave on any woter cooling system is to avoid freeze-up at light load. Chart applies only to variable loads and to normal licati leaving water P es of 40°F or

above. For leaving water temperat res below 40°, analysis should be made to make certain that surface temperature is not lower than 33°, unless certain of constant load, back pressure valve should be used.

BACK PRESSURE

B

\ BACK PRESSURE

VALVE

EXPANSION
VALVE

- SOLENOID
. VALVE
s
I~

K NES
N=

Fic. 87 — INsTALLATION UsING BACK PRESSURE VALVES
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Chart 25 illustrates the application of back pres-
sure valves for various services such as number and
types of evaporators, and types of room and com-
pressor control.

Figure 87 illustrates the location of back pressure
valves,

DISCHARGE LINE
Oil Separators

Oil separators reduce the rate of oil circulation.
However they are not 1009, efficient since some oil
always circulates thru the system.

il separators are of particular value on certain
types of installations such as:

1. Systems requiring a sudden and frequent
capacity variation.

2. Systems having extensive pipe lines and numer-
ous evaporators. The large volumes inherent
in such systems result in appreciable oil
hangup.

There are several objections to oil separators:

1. Oil separators permit some oil to be carried
over into the system and, therefore, proper pip-
ing design to return oil is still required even
though a separator is used.

2. On start-up, gas may condense in the shell of
the separator. As a result the separator delivers
liquid refrigerant into the crankcase. This in
turn increases crankcase foaming and oil loss
from the compressor.

During the “off” cycle the oil separator cools
down and acts as a condenser for liquid refrigerant
that evaporates in the warmer parts of the system.
Thus a cool oil separator acts as a liquid condenser
during “off” cycles and also on compressor start-up
until the separator has warmed up. Large amounts
of liquid refrigerant in the crankcase result in poor
lubrication and may also result in removing the oil
from the crankcase completely.

Figure 88 shows the recommended method for
piping an oil separator.

Mufflers

If a muffler is used in the hot gas line, it should
be installed in downward flow risers or in horizontal
lines as close to the compressor as possible.

The hot gas pulsations from the compressor can
set up a condition of resonance with certain lengths
of refrigerant piping in the hot gas line. A mulffler
installed in the compressor discharge aids in climi-
nating such a condition.

Figure 89 shows a muffler in a hot gas line at
the compressor.

@ Air Conditioning Company
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Fic. 88 — O1L SEPARATOR LOCATION

Check Valves

Check valves contribute a relatively large addi-
tion to a line pressure drop a'. full load and must
be taken into account in the selection of refrigera-
tion equipment. In addition a check valve cannot be
relied upon for 1009, shut-off.

Whenever the receiver is warmer than the com-
pressor during shutdown, refrigerant in the receiver
tends to boil off and flow back thru the condenser
and hot gas discharge line to the compressor where
it condenses. If there is sufficicnt refrigerant in the
receiver, liquid refrigerant eventually enters the
compressor despite the loop in the hot gas line at
the base of the compressor. To prevent this, a check
valve should be used (Fig. 68, page 65).

In a non-automatic system «a hand valve may be
used at the inlet to the conderser to manually shut
off the flow on shutdown, in which case the pressure
drop involved will be much less than that encoun-
tered using a check valve.

REFRIGERANT PIPING INSULATION

Liguid lines should not be insulated il the sur-
rounding temperature is lower than or equal to
the temperature of the liquid. Insulation is recom-

HOT GAS LINE

MUFFLER
/HEAD
WEDGEk

BOTH ENDS
HOT GAS MUFFLER

COMPRESSOR X

Fic. 89 — Hotr GAs MUFFLER AND LOCATION IN
Hot Gas L NE
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mended only when the liquid line can pick up a
considerable amount of heat. The following areas
in a refrigerant pip:ng system should be insulated:
1. A liquid line exposed to the direct rays of the
sun for a considerable distance.

2. Piping in boiler rooms.

3. Piping at the outlet of a liquid suction inter-
changer to preserve the subcooling effect.

Where liquid and suction lines can be strapped
together, a single insulating covering can be used
over both lines. This induces an exchange of heat
and is desirable from the standpoint of the subcool-
ing effect on the liquid. However excessive super-
heating of the suction gas can result from too much
exchange of heat.

Hot gas lines should not be insulated. Any heat
lost by these lines reduces the work to be done by the
condenser.

Suction lines should be insulated only to prevent
dripping where thic causes a nuisance or damage.
It is generally desi-able to have the suction line

capable of absorbing some heat to evaporate any
liquid which may have entered the suction line
from the evaporator. For unusual conditions of
high ambient temperatures and simultaneous high
relative humidities extra insulation must be applied.

The thickness of insulation required to prevent
condensation on the outer surface is that thickness
which raises the temperature of the outer surface
of the insulation to a point slightly higher than
the maximum expected dewpoint of the surround-
ing air, The external vapor barrier must be made
as nearly perfect as possible in order to prevent
leakage of vapor into the insulation.

A cellular glass or cellular plastic type of insula-
tion is fast becoming accepted as an ideal insulation.
Its cellular structure provides exceptionally high
resistance to water and water vapor. The cellular
glass, being inorganic, is fire-proof. Cellular plastic
which is also available is self-extinguishing.

When located out of doors, insulation must be

weatherproofed unless, of course, it is inherently
waterproof.



CHAPTER 4. STEAM PIPING

This chapter describes practical design and layout
techniques for steam piping systems. Steam piping
differs from other systems because it usually carries
three fluids — steam, water and air. For this reason,
steam piping design and layout require special con-
sideration.

GENERAL SYSTEM DESIGN

Steam systems are classified according to piping
arrangement, pressure conditions, and method of re-
turning condensate to the boiler. These classifica-
tions are discussed in the following paragraphs.

PIPING ARRANGEMENT

A one- or two-pipe arrangement is standard for
steam piping. The one-pipe system uses a single pipe
to supply steam and to return condensate. Ordi-
narily, there is one connection at the heating unit
for both supply and return. Some units have two
connections which are used as supply and return
connections to the common pipe.

A two-pipe steam system is more commonly used
in air conditioning, heating, and ventilating appli-
cations. This system has one pipe to carry the steam
supply and another to return condensate. In a two-
pipe system, the heating units have separate con-
nections for supply and return.

The piping arrangements are further classified
with respect to condensate return connections to the
boiler and direction of flow in the risers:

1. Condensate return to boiler

a. Dry-return — condensate enters boiler above
water line.

b. Wet-return — condensate enters boiler be-
low water line.

2. Steam flow in riser
a. Up-feed — steam flows up riser.
b. Down-feed — steam flows down riser.

PRESSURE CONDITIONS
Steam piping systems are normally divided into
five classifications — high pressure, medium pressure,
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low pressure, vapor and vacuum systems. Pressure
ranges for the five systems are:

1. High pressure — 100 psig ind above
2. Medium pressure — 15 to 100 psig
3. Low pressure — 0 to 15 psig

4. Vapor — vacuum to 15 psig

5. Vacuum — vacuum to 15 psig

Vapor and vacuum systems are identical except
that a vapor system does not have a vacuum pump,
but a vacuum system does.

CONDENSATE RETURN

The type of condensate return piping from the
heating units to the boiler jurther identifies the
steam piping system. Two arrangements, gravity
and mechanical return, are in common use.

When all the units are lociated above the boiler
or condensate receiver water line, the system is de-
scribed as a gravity return since the condensate re-
turns to the boiler by gravity.

If traps or pumps are used to aid the return of
condensate to the boiler, the system is classified as a
mechanical return system. The vacuum return
pump, condensate return purap and boiler return
trap are devices used for mechanically returning
condensate to the boiler.

CODES AND REGULATIONS

All applicable codes and rsgulations should be
checked to determine acceptatle piping practice for
the particular application. These codes usually dic-
tate piping design, limit the steam pressure, or
qualify the selection of equipment.

WATER CONDITIONING

The formation of scale and sludge deposits on the
boiler heating surfaces creates a problem in gener-
ating steam. Scale formation is intensified since
scale-forming salts increase with an increase in tem-
perature,

Water conditioning in a steam generating system
should be under the supervision of a specialist.
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TABLE 22 —RECOMMENDED HANGER
SPACINGS FOR STEEL PIPE

NOM. DISTANCE BETWEEN SUPPORTS (FT)
PIPE SIZE Average Gradient
(in.) 1”7 in 10° V2" in 10 Va” in 10’
Ya 9 — -
1 13 6 —_
1% 16 10 5
1% 19 14 8
2 2 17 13
2% 24 19 15
3 7 22 18
3% 9 24 19
4 12 26 20
5 37 29 23
6 40 33 25
8 - 38 30
10 — 43 33
12 - 48 37
14 - 50 40
16 - 53 42
18 - 57 44
20 - 60 47
24 - b4 50

NOTE: Data is based on standard wall pipe filled with water and

average number o fittings. Courtesy of Crane Co

PIPING SUPPORTS

All steam piping is pitched to facilitate the flow
of condensate. Tabie 22 contains the recommended
support spacing for piping pitched for different gra-
dients. The data is based on Schedule 40 pipe filled
with water, and an average amount of valves and
fittings.

PIPING DESIGN

A steam system operating for air conditioning
comfort conditions must distribute steam at all oper-
ating loads. These ~oads can be in excess of design
load, such as early morning warmup, and at extreme

CONNECT ONLY ONE RADIATOR
TO EACH RISER

AV, Lo
s
— &
RISE AND DRIP
F RUN FULL SIZE
T0 END ——
= AY_ WET RETURN—"
L
recer| T L l 7
BOFLEH\ i
BW.L. i
H
=]
=13

F16. 90 — ONE-P1rE, UprFEED GRAVITY SYSTEM
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partial load, when only a minimum of heat is neces-
sary. The pipe size to transmit the steam for a de-
sign load depends on the following:

. The initial operating pressure and the allow-
able pressure drop thru the system.

2. The total equivalent length of pipe in the
longest run,

3. Whether the condensate flows in the same
direction as the steam or in the opposite direc-
tion.

The major steam piping systems used in air con-
ditioning applications are classified by a combina-
tion of piping arrangement and pressure conditions
as follows:

1. Two-pipe high pressure

2. Two-pipe medium pressure

3. Two-pipe low pressure

4. Two-pipe vapor

5. Two-pipe vacuum

6. One-pipe low pressure

ONE-PIPE SYSTEM

A one-pipe gravity system is primarily used on
residences and small commercial establishments.
Fig. 90 shows a one-pipe, upleed gravity system. The
steam supply main rises from the boiler to a high
point and is pitched downward from this point
around the extremities of the basement. Tt is nor-
mally run full size to the last take-off and is then
reduced in size after it drops down below the boiler
water line, This arrangement is called a wet return.,
It the return main is above the boiler water line,
it is called a dry return. Automatic air vents are re-
quired at all high points in the system to remove
non-condensable gases. In systems that require long
mains, it is necessary to check the pressure drop and
make sure the last heating unit is sufficiently above
the water line to prevent water backing up from the
boiler and flooding the main. During operation,
steam and condensate flow in the same direction in
the mains, and in opposite direction in branches and
risers. ‘This system requires larger pipe and valves
than any other system.

The one-pipe gravity system can also be designed
as shown in Fig. 91, with each riser dripped sepa-
rately, This is frequently done on more extensive
systems.

Another type of one-pipe gravity system is the
down-feed arrangement shown in Fig. 92. Steam
flows in the main riser from the boiler to the build-
ing attic and is then distributed throughout the
building.
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_RISER TO FLOORS ABOVE 1
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l REDUCED
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Fic. 91 — ONE-P1PE GRAVITY SYSTEM WITH
DrirPED RISERS

TWO-PIPE SYSTEM

A two-pipe gravity system is shown in Fig. 93. This
system is used with indirect radiation. The addition
of a thermostatic valve at each heating unit adapts
it to a vapor or a mechanical vacuum system. A grav-
ity system has each radiator separately sealed by drip
loops on a dry return or by dropping directly into
a wet return main. All drips, reliefs and return risers
from the steam to the return side of the system must
be sealed by traps or water loops to insure satisfac-
tory operation.

If the air vent on the heating unit is omitted, and
the air is vented thru the return line and a vented
condensate receiver, a vapor system as illustrated in
Fig. 94 results.

The addition of a vacuum pump to a vapor sys-
tem classifies the system as a mechanical vacuum
system. This arrangement is shown in Fig. 95.
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Fic. 92 — ONE-P1rE, DOWNFEED GRAVITY
SYSTEM

3-83

B

PITCH :]!

RETURN
RISER

nsen| -g :F
fh A
Ty "—:‘1 7

DRIP
STEAM MAIN ,ff'/‘é

WET | GV el DAV T UNgon
RETURN ORY  Loop

20"MIN
RETURN
=

DRAIN TO SEWER

AW}

AR

C.V.

X

if
43

BOILER
ol

WATER CONN.

Fic. 93 — Two-PiPE GRAVITY SYSTEM

G.1.V.

/

RETURN
STEAM RISER B B
RISER =

\RISE AND DRIP T

“{"1 #-1 T -
i | ories =
H — STEAM MAIN _/4
M et DRY mM

wer = % L
RETURN —|{ RELIEF| 50" Min.
4 ‘Z-r o
P cv.

—
BW.L. ] / \cv
(i)

! WATER CONN
BOILER—|

T FLOAT TRAP

=] “-DRAIN TO SEVER

F16. 94 — VAPOR 5YSTEM

RETURN
RISER

STEAM T.T
RISER R STEAM MAIN

| Pl
i = DEYM!;EIL IRN

| “

o
— STEAM RECEIVEI
AIN 7

WET
RETURN

2 VACUUM

CONTROLLER

BOILER q
—

57

DRAINS 3
FITTIN

TO SEWER i

/
VACUUM PUMP
L FT} BRHALS MOTOR DRIVEN

F16. 95 — MECHANICAL VACUUM SYSTEM

Figures 90 thru 95, courtesy of Kent's Mechanical Engineer's Handbook, Power Volume, Eleventh Edition, lohn Wiley & Sons Publisher.
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CHART 26—PIPE SIZING *
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*Use Chart 27 to determine steam velocity at initial saturated steam pressures other than 0 psig.

Charis 26 and 27 from Heating Ventilating Air Conditioning Guide 1959, Used by permission.
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CHART 27 —VELOCITY CONVERSION*
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*See Example 3, page 89, for use of chart
PIPE SIZING
GENERAL

Charts and tables have been developed which are
used to select the proper pipe to carry the required
steam rate at various pressures.

Chart 26 is a universal chart for steam pressure of
0 to 200 psig and for a steam rate of from 5 to 100,000
pounds per hour. However, the velocity as read
from the chart is based on a steam pressure of 0 psig
and must be corrected for the desired pressure from
Chart 27. The complete chart is based on the Moody
friction factor and is valid where condensate and
steam flow in the same direction.

Tables 23 thru 28 are used for quick selection at
specific steam pressures. Chart 26 has been used to
tabulate the capacities shown in Tables 23 thru 25.
The capacities in Tables 26 thru 28 are the results
of tests conducted in the ASHAE laboratories. Sug-
gested limitations for the use of these tables are
shown as notes on each table. In addition, Table 28
shows the total pressure drop for two-pipe low pres-
sure steam systems.
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RECOMMENDATIONS
The following recommendaions are for use when
sizing pipe for the various systems:

Two-Pipe High Pressure System

This system is used mostly in plants and occa-

sionally in commercial installations.

1. Size supply main and rise- for a maximum drop
of 25-30 psi.

2. Size supply main and risers for a maximum
friction rate of 2-10 psi per 100 ft of equivalent
pipe.

8. Size return main and rise: for a maximum pres-
sure drop of 20 psi.

4. Size return main and riser for a maximum fric-
tion rate of 2 psi per 100 ft of equivalent pipe.

5. Pitch supply mains 14 in. per 10 ft away from
boiler.

6. Pitch return mains 14 in. per 10 ft toward the
boiler.

7. Size pipe from Table 23.

Two-Pipe Medium Pressure Systern

This system is used mostlv in plants and occa-

sionally in commercial installations,

1. Size supply main and riser for a maximum
pressure drop of 5-10 psi.

2. Size supply mains and risers for a maximum
friction rate of 2 psi per 100 ft of equivalent
pipe.

3. Size return main and riser for a maximum pres-
sure drop of 5 psi.

4. Size return main and riser for a maximum
friction rate of 1 psi per 100 ft of equivalent

pipe.

5. Pitch supply mains 14 in. per 10 {t away from
the boiler.

6. Pitch return mains 14 ir. per 10 ft toward the
boiler.

7. Size pipe from Table 24.

Two-Pipe Low Pressure System

This system is used for commercial, air condition-

ing, heating and ventilating installations.

1. Size supply main and risers for a maximum
pressure drop determined from Table 28, de-
pending on the initial system pressure.

2. Size supply main and riser for a maximum fric-
tion rate of 2 psi per 100 ft of equivalent pipe.

3. Size return main and riser for a maximum
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TABLE 23 —HIGH PRESSURE SYSTEM PIPE CAPACITIES (150 psig)
Pounds Per Hour
o PRESSURE DROP PER 100 FT
(in.) Yo psi (2 2z) | Y4 psi (4 oz) | V2 psi (8 oz) | % psi (12 0z) |1 psi (16 ox) | 2 psi (32 ox) 5 psi 10 psi
SUPPLY MAINS AND RISERS 130 - 180 psig—Max Error 8%
Ya 29 41 58 82 116 184 300 420
1 58 82 17 165 233 369 550 790
1% 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 1,167 1,650 2,000 3410 4,820
2% 683 959 1,359 1,920 2,430 3,300 5,200 7,600
3 1,237 1,750 2,476 3,500 4,210 6,000 9,400 13,500
3% 1,855 2,626 3715 5,250 6,020 8,500 13,100 20,000
4 2,625 3,718 5,260 7,430 8,400 12,300 19,200 28,000
5 4,858 6,875 9,725 13,750 15,000 21,200 33,100 47,500
6 7,960 11,275 15,950 22,550 25,200 36,500 56,500 80,000
8 16,590 23,475 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
Ya 156 232 360 465 560 890
1 313 462 690 910 1,120 1,780
1% 650 960 1,500 1,950 2,330 3,700
1% 1,070 1,580 2,460 3,160 3,800 6,100
2 2,160 3,300 4,950 6,400 7,700 12,300
2Y% 3,600 5,350 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
6 42,000 62,500 96,000 125,000 150,000 238,000

7:

pressure drop determined from Table 28, de-
pending on the initial system pressure.

. Size return main and riser for a maximum fric-

tion rate of 4 psi per 100 ft of equivalent pipe.

Pitch mains 14 in. per 10 ft away from the
boiler.

. Pitch return mains 14 in. per 10 ft toward the

boiler.
Use Tables 25 thru 27 to size pipe.

Two-Pipe Vapor Systen

This system is usec in commercial and residential
installations.

1.

Size supply main and riser for a maximum
pressure drop ol 144 - 14 psi.

Size supply main and riser for a maximum
friction rate of "4 - 14 psi per 100 ft of equiva-
lent pipe.

. Size return main and supply for a maximum

pressure drop of 144 - 14 psi.

Size return main and supply for a maximum
friction rate of 4 - 14 psi per 100 ft of equiva-
lent pipe.

. Pitch supply 1 in. per 10 ft away from the

boiler,

From Heating Ventilating Air Conditioning Guide, 1959. Used by permission.

6.

7.

Pitch return mains 14 in. per 10 ft toward the
boiler,

Size pipe from Tables 25 thru 27.

Two-Pipe Vacuum System

This system is used in commercial installations,

1;

(&2

s

Size supply main and riser for a maximum
pressure drop of 14 - 1 psi.

. Size supply main and riser for a maximum fric-

tion rate of 14 - 14 psi per 100 ft of equivalent
pipe.

. Size return main and riser for a maximum pres-

sure drop of 14 -1 psi.

. Size return main and riser for a maximum fric-

tion rate of 14- 1% psi per 100 ft of equivalent

pipe.

. Pitch supply mains 14 in. per 10 ft away from

the boiler.

. Pitch return mains 14 in. per 10 ft toward the

boiler.
Size pipe from Tables 25 thru 27.

One-Pipe Low Pressure System
This system is used on small commercial and
residential systems.
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TABLE 24 —MEDIUM PRESSURE SYSTEM PIPE CAPACITIES (30 psig)
Pounds Per Hour

el PRESSURE DROP PER 100 FT
(in) Yopsi(207) | Vapsi(4oz) | Vapsi(Box) | Yapsi(120z) | lpsi(l601) | 2 psi (32 0z)
SUPPLY MAINS AND RISERS 25 - 35 psig - Max Error 8%,
Y% 15 22 | 38 45 63
1 31 46 63 77 89 125
1% 69 100 141 172 199 281
1% 107 154 219 267 309 437
2 217 313 444 543 627 886
2% 358 516 730 924 1,033 1,460
3 651 940 1,330 1,628 1,880 2,660
3 979 1414 2,000 2,447 2,825 4,000
4 1,386 2,000 2,830 3,464 4,000 5,660
5’ 2,560 3,642 5,225 6,402 7,390 10,460
6 4,210 6,030 8,590 10,240 12,140 17,180
8 8,750 12,640 17,860 21,865 25,250 35,100
10 16,250 23,450 33,200 40,625 46,900 66,350
12 25,640 36,930 52,320 64,050 74,000 104,500
RETURN MAINS AND RISERS 0 - 4 psig - Max Return Pressure
Y% 115 170 245 308 365
1 230 340 490 615 730
1% 485 710 1,025 1,285 1,530
1% 790 1,155 1,670 2,100 2,500
2 1,575 2,355 3,400 4,300 5,050
2V 2,650 3,900 5,600 7,100 8,400
3 4,850 7,100 10,250 12,850 15,300
3% 7,200 10,550 15,250 19,150 22,750
4 10,200 15,000 21,600 27,000 32,250
5 19,000 27,750 40,250 55,500 60,000
] 31,000 45,500 65,500 83,000 98,000
From Heating Ventilating Air Conditioning Guide, 1959. Used by permission.
1. Size supply main and riser for a maximum 4. Size return main and risers for a maximum
pressure drop of 14 psi. friction rate of 144 psi per 100 ft of equivalent
2. Size supply main and risers for a maximum pipe.
friction rate of 144 psi per 100 ft of equivalent 5. Pitch supply main 14 in. per 10 ft away from
pipe. the boiler.
5. Size return main and risers for a maximum 6. Pitch return main 14 in. per 10 ft toward the
pressure drop of 14 psi. boiler.
TABLE 25 —LOW PRESSURE SYSTEM PIPE CAPACITIES
Pounds Per Hour
CONDENSATE FLOWING WITH THE STEAM FLOW
St PRESSURE DROP PER 100 FT
PIPE Vis psi (1 0z) | Y psi (2 oz) | % psi (4 02) I V2 psi (8 oz) | % psi (12 oz) I 1 psi | 2 psi
SIZE SATURATED PRESSURE (PSIG)*
(in.) 3.5 12 3.5 12 3.5 12 3.5 12 3.5 12 3.5 12 3.5 12
Y% 9 1 14 16 20 24 29 35 36 43 42 50 60 73
1 17 21 26 31 37 46 54 66 48 82 81 95 114 137
1V 36 45 53 66 78 96 111 138 140 170 162 200 232 280
1% 56 70 84 100 120 147 174 210 218 260 246 304 360 430
2 108 134 162 194 234 285 336 410 420 510 480 590 710 850
2% 174 215 258 310 378 460 540 660 680 820 780 950 | 1,150] 1,370
3 318 380 465 550 660 810 960| 1,160 1,190| 1,430| 1,380 | 1,670 | 1,950 2,400
3% 462 550 670 800 990 | 1,218 | 1,410| 1,700 | 1,740 2,100 | 2,000 | 2,420 | 2,950| 3,450
4 726 800 950 1,160 1,410 1,690 1,980 2,400 | 2,450 | 3,000| 2,880 | 3,460 | 4,200| 4,900
5 1,200 | 1,430 | 1,680 | 2,100 | 2,440 | 3,000 | 3,570| 4,250 | 4,380| 5250 5100| 6,100 | 7.500| 8,600
6 1,920 | 2,300 [ 2,820| 3,350 ( 3,960 4,850 | 5700| 7,000 7,200] 8,600 8,400 10,000 | 11,900] 14,200
8 3,900 | 4,800 | 5570 | 7,000 | 8,100 | 10,000 | 11,400 [ 14,300 | 14,500 | 17,700 | 16,500 | 20,500 | 24,000 | 29.500
10 7,200 | 8,800 | 10,200 | 12,600 | 15,000 | 18,200 | 21,000 | 26,000 | 26,200 | 32,000 | 30,000 | 37,000 | 42,700 | 52,000
12 11,400 | 13,700 | 16,500 | 19,500 | 23,400 | 28,400 | 33,000 40,000 | 41,000 | 49,500 | 48,000 | 57,500 67,800 | 81,000

*The weight-flow rates at 3.5 psig can be used to eover sat. press. from 1 to 6 psig, and the rates at 12 psig can be usec to cover sat. press. from
8 to 16 psig with an error not exceeding 8 percent.

Tables 23 thru 25 from Heating Ventilating Air Conditioning Guide 1959. Used by permission.
@ Mir Conditioning Company
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TABLE 26— RETURN MAIN AND RISER CAPACITIES FOR LOW PRESSURE STEAM SYSTEMS-—
POUNDS PER HOUR

PIPE PRESSURE DROP PER 100 FT.
SIZE 1/32 psi (1/2 oz) 1/24 psi (2/3 oz) 1/16 psi (1 oz) 1/8 psi (2 oz) 1/4 psi (4 oz) 1/2 psi (8 oz)
(in.) Wet I Dry | Vac Wot] Dry! Vac W’cl[ Dry‘ Vac Wnll Dry I Vac | Wet I Dryl Vac W-t*! Dry I Vac
RETURN MAINS
£ 42 100 142 200 283
1 125 62 145 71 143 175 80 175 250 103 249 350 115 350 120 494
1 213 130 248 149 244 300 168 300 425 217 426 600 241 600 255 848
1% 338 206 393 236| 388 475 265 475 675 340 674 950| 378| 950 385| 1,340
2 700 470 810 535 815| 1,000 575| 1,000| 1,400 740| 1,420 | 2,000 825| 2,000 830 | 2,830
2% 1,180 760 1,580 B68| 1,360 1,680 950| 1,680 2,350| 1,230| 2,380 3,350 1,360 3,350 | 1,410 | 4,730
3 1,880 | 1,460 2,130| 1,560 2,180| 2,680 1,750| 2,680 3,750 2,250 3,800 5,350 2,500| 5,350 2,585| 7,560
3% 2,750 | 1,970 3,300| 2,200| 3,250 | 4,000| 2,500| 4,000 5,500 3,230 5,680 8,000 3,580 8,000 3,780 | 11,300
4 3,880 | 2,930 4,580( 3,350 4,500 5,500| 3,750| 5,500| 7,750| 4,830| 7,810}11,000| 5,380(11,000 5,550 | 15,500
5 6,090 | 4,600 7,880| 5,250| 7,880| 9,680| 5,870| 9,680 (13,700 7,560|13,700 | 19,400 | 8,420 (19,400 8,880 | 27,300
é 8,820 | 6,670 12,600 7,620(12,600|15,500| 8,540|15,500 |22,000 10,990 {22,000 {31,000 (12,200 (31,000 12,800 | 43,800
8 15,200 {11,480 21,700(13,120{21,700 | 26,700 14,700 26,700 | 37,900 18,900 {37,900 | 53,400 22,800 {53,400 25,500 75,500
10 24,000 118,100 34,30020,80034,300 | 42,200 23,200|42,200 | 59,900 | 29,800 | 59,900 | 84,400 33,300 (84,400 35,400 {114,400
RETURN RISERS
3 48 48 113 48 175 48] 249 48 350 48 494
1 113 113 244 113 300 113 426 13 600 113 848
1% 248 248 388 248 475 248 674 248 950 248| 1,340
1%2 375 375 815 375] 1,000 375| 1,420 375| 2,000 375| 2,830
2 750 750 1,360 750| 1,680 750| 2,380 750| 3,350 750| 4,730
2% 1,230 1,230( 2,180 1,230| 2,680 1,230| 3,800 1,230| 5,350 1,230 7,560
3 2,250 2,250| 3,250 2,250| 4,000 2,250| 5,680 2,250| 8,000 2,250| 11,300
32 3,230 3,230| 4,480 3,230| 5,500 3,230| 7,810 3,230 11,000 3,230| 15,500
4 4,830 4,830 7,880 4,830 9,680 4,830113,700 4,830( 19,400 4,830 27,300
5 7,560 7,560(12,600 7,560(15,500 7,560(22,000 7,560]31,000 7,560 43,800
6 10,990 10,990 21,700 10,990 (26,700 10,990|37,900 10,990| 53,400 10,990 | 75,500
8 18,900 18,900 34,300 18,900 (42,200 18,900 59,900 18,900| 84,400 18,900 (114,400
10 29,800 29,800 29,800 29,800 29,800 29,800
*Vac values may be used for wet return mains.
7. Size supply main and dripped runouts from 8. Size undripped runouts from Table 27, Col-
Table 25. umn F.
TABLE 27 --LOW PRESSURE SYSTEM 9. Size upfeed risers from Table 27, Column D.
P/PE CAPACITIES 10. Size downfeed supply risers from Table 25.
Pounds Per Hour 11. Pitch supply mains 14 in. per 10 ft away from
CONDENSATE FLOWING AGAINST STEAM FLOW boiler.
TWO-PI?E SYSTEM ONE-PIPE SYSTEM 12. Pitch return mains 4 in. per 10 ft toward
PIPE Up-feed| Vertical | Riser the boiler.
SIZE Vertical Horizontal | Supply | Con- Run-
(in.) Risers | nectors | outs Use of Table 28
* . e
L 5 cf P! g E Example T — Determine Pressure Drop for Sizing Supply
% 8 = s = 7 and Return Piping
1 14 9 n 7 % S
1% 31 19 20 16 16 o
'['lﬁ‘ 48 27 ki:] 23 16 TW'O-[’)]!)C low pTESSUTC steam S}.‘S[Clll
2 97 49 72 42 23 Initial steam pressure — 15 psig
2V 159 99 116 - 42 Approximate supply piping equivalent length — 500 ft
3 282 175 200 = 65 Approximate return piping equivalent length — 500 ft
3% 387 288 286 —_ 119 . PP BIEEAY &
4 511 425 380 = 186 Find:
5 1,050 788 - —_ 278 1. Pressure drop to size supply piping
6 1,800 1,400 — e 545 2. Pressure drop to size return piping
8 3,750 3,000 — —_ — .
10 7:000 5:700 X L = Solution: o
12 11,500 9,500 = L = 1. Refer to Table 28 for an initial steam pressure of 15
16 22,000 19,000 - - — psig. The total pressure drop should not exceed 3.75 psi

*Do not use Column B for pressure drops less than Ye psi/100 ft of
equivalent length. Use Chart 26, page 84.

TPitch of horizontal runcuts to riser should be not less than Ya in./ft.
Where this pitch cannot be obtained, runouts over B ft in length should
be one pipe size larger than called for in this table.

1Do not use Column D for pressure drops less than 1/24 psi/100 ft of
equivalent run except o1 sizes 3 in. and larger. Use Chart 26, page 84.

From Heating Ventilating Air Conditioning Guide, 1959.
Used by permission.

in the supply pipe. Therefore, the supply piping is sized
for a total pressure drop of 8.75 or §/4 psi per 100 ft of
equivalent pipe.

. Although 34 psi is indicated in Step I, Item 4 under the
two-pipe low pressure system recommends a maximum
of 14 psi for return piping. Therefore, use 14 psi per 100
ft of equivalent pipe.

500
Return main pressure drop = 14 X T00 = 2.5 psi.
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Friction Rate

Example 2 illustrates the method used to deter-
mine the friction rate for sizing pipe when the total
system pressure drop recommendation (supply pres-
sure drop plus return pressure drop) is known and
the approximate equivalent length is known.

Example 2 — Determine Friction Rate
Given:
Four systems
Equivalent length of each system — 400 ft
Total pressure drop of systems — 14, 34, 1, and 2 psi

Find:
Friction rate for each system.
Solution:
SYSTEM TOTAL FRICTION
SYSTEM EQUIV. SYSTEM RATE
NUMBER | LENGTH PRESS. FOR PIPE
DROP SIZING
(fr) (psi) (per 100 fr)
1 400 Y (400/100) (x) = 14
X =14
2 400 % (400/100) (x) = 34
x =Hg
3 400 1 (400/100) (x) = 1
X =14
4 400 r (400/100) (x) = 2
X =14

Use of Charts 26 and 27

Example 3 — Determine Steam Supply Main and Final
Velacity
Given:
Friction rate — 2 psi per 100 ft of equivalent pipe
Initial steam pressure — 100 psig
Flow rate — 6750 Ib/hr

T2 T2 72

'

10

5 c D
5 10!

10" / 20'

TABLE 28—TOTAL PRESSURE DROP FOR
TWO-PIPE LOW PRESSURE STEAM PIPING

SYSTEMS
INITIAL TOTAL TOTAL
STEAM PRESSURE DROP PRESSURE DROP
PRESSURE IN IN
SUPPLY PIPING RETURN PIPING
(psig) (psi) (psi)
2 Ya Va
5 1% 1%
10 2% 2%
15 L 3%
20 5 5
Find:

1. Size of largest pipe not exceeding design friction rat.
2. Steam velocity in pipe.
Solution:

. Enter bottom of Chart 26 at 6750 1b/hr and proceed ver-
tically to the 100 psig line (dottec line in Chart 26). Then
move obliquely to the 0 psig lire. From this point pro-
ceed vertically up the chart to the smallest pipe size not
exceeding 2 psi per 100 ft of ec uivalent pipe and read
314 in.

2. The velocity of steam at 0 psig s read from Chart 26 is
16,000 fpm. Enter the left side of Chart 27 at 16,000 fpm.
Proceed obliquely downward to the 100 psig line and
horizontally across to the right side of the chart (dotted
line in Chart 27). The velocity at 100 psig is 6100 fpm.

Example 4 illustrates a design problem for sizing
pipe on a low pressure, vacuum return system.

Example 4 — Sizing Pipe for a Low Pressure, Vacuum
Return System
Given:
Six units
Steam requirement per unit — 72 1b 'hr
Layout as illustrated in Figs. 96 thru 98
Threaded pipe and fittings
Low pressure system — 2 psi

T2 72 T

E

Fi16. 96 — Low PRESSURE STEAM SuppLY MAIN

@ Mir Conditioning Company
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Tz

Fic. 97 — Low PRESSURE RuNouUT AND RISER

Find:
Size of pipe and total pressure drop
Note: Total pressure drop in the system should never
exceed one-half the initial pressure. A reasonably small
drop is required fcr quiet operation.
Solution:
Determine the design friction rate by totaling the pipe
length and adding 507%, of the length for fittings:

115+ 11 + 133 = 259
259 X H50=180
389 ft equiv length

Check pipe sizing recommendations for maximum friction
rate from “Two-Pip> Vacuum Sysiem,” Item 2, 14-14 psi.
Check Table 28 to determine recommended maximum pres-
sure drop for the supply and return mains (14 psi for each).
Design friction rate =: 1/5.89 X (1/2 + 1/2) = 1/4 psi per 100
ft. The supply main is sized by starting at the last unit “G”
and adding each acdditional load from unit “G” to the
boiler; use Table 25. The following tabulation results:

SECTION STEAM LOAD PIPE SIZE
(b /hr) (in.)
F-G 72 11
E-F 144 2
D-E 216 2
C-D 288 214
B-C 360 214
A-B 482 3

Convert the supply main fittings to equivalent lengths of
pipe and add to the zctual pipe length, Table 11, page 17.

Equivalent pipe lengths

1-114 in. side oitlet tee 7.0
2 - 114 in. ells 4.6
1-2 in. reducing tee 4.7
1-2 in. run of tee 3.3
2-2in. ells 6.6
1-214 in. reduc ng tee 5.6
1-214 in. run of tee 4.1
1-214 in. ell 6.0
2-3 in. ells 15.0
1 -3 in. reducidy; tee 7.0
Actual pipe length 115.0

Total equivaleni length 172.6 ft.

PART 3. PIPING DESIGN

Pressure drop for the supply main is equal to the equiva-
lent length times pressure drop per 100 ft:

172.6 X 25/100 = 43 psi
This is within the recommended maximum pressure drop
(1 psi) for the supply.
‘The branch connection for Fig. 97 is sized in a similar man-
ner at the same friction rate.
From Table 27 the horizontal runout pipe size for a load
of 72 1b is 214 in. and the vertical riser size is 2 in.

Convert all the fittings to equivalent pipe lengths, and add
to the actual pipe length.

Equivalent pipe lengths

1-214 in. 45° ell 3.2
1-214 in. 90° ell 4.1
1-2in.90° ell 3.3
1-2in. gate valve 2.3
Actual pipe length 11.0
Total equivalent length 239 ft.

Pressure drop for branch runout and riser is
23.9 X .25/100 = .060 psi

The vacuum return main is sized from Table 26 by starting
at the last unit “G” and adding each additional load be-
tween unit “G” and the boiler.
Each riser — 72 Ib per hr, 34 in.

SECTION STEAM LOAD PIPE SIZE

(Ib/hr) (in.)

F-G 72 %

E-F 144 %

D-E 216 1

&=D 288 1

B.- G 360 114

A-B 432 11

Convert the return main fittings to equivalent pipe lengths
and add to the actual pipe length, Table 11, page I7.

Equivalent pipe lengths

1 - 34 in. run of tee 14

5 - 34 in. 90° ells 7.0

1 - 1in. reducing tee 2.3

1-1 in, run of tee 1.7

2-11in. 90° ells 3.4

1- 114 in. reducing tee 3.1

3 - 114 in. 90° ells 6.9

1 - 114 in. run of tee 2.3
Actual pipe length 133.0

Total equivalent length T61.1 ft.

Pressure drop for the return equals
161.1 X .25/100 = 404 psi

Total return pressure drop is satisfactory since it is within
the recommended maximum pressure drop (14 — 1 psi) listed
in the two-pipe vacuum return system. The total system
pressure drop is equal to

430 + .060 + 404 = .894 psi

This total system pressure drop is within the maximum 2 psi
recommended (1 psi for supply and 1 psi for return).
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72

72 72 72 72
10' Jzo' J 5'
c D 10’ 6
% 20' 0’ /—
E F

Fic. 98 — Low PrESSURE VACUUM RETURN

PIPING APPLICATION

The use and selection of steam traps, and con-
densate and vacuum return pumps are presented
in this section.

Also, various steam piping diagrams are illus-
trated to familiarize the engineer with accepted
piping practice.

STEAM TRAP SELECTION
The primary function of a steam trap is to hold
steam in a heating apparatus or piping system and
allow condensate and air to pass. The steam remains
trapped until it gives up its latent heat and changes
to condensate. The steam trap size depends on the
following:
1. Amount of condensate to be handled by the
trap, 1b/hr.
9. Pressure differential between inlet and dis-
charge at the trap.
9. Safety factor used to select the trap.

Amount of Condensate

The amount of condensate depends on whether
the trap is used lor steam mains or risers, or for the
heating apparatus.

The selection of the trap for the steam mains or
risers is dependent on the pipe warm-up load and
the radiation load from the pipe. Warm-up load is
the condensate which is formed by heating the pipe
surface when the steam is first turned on. For prac-
tical purposes the final temperature of the pipe is
the steam temperature. Warm-up load is deter-
mined from the following equation:

WX (t—t) X 114
- hys

@ Air Conditioning Company

C,

where:
¢, = Warm-up condensate, 1b/hr
W = Total weight of pipe, Ib (Tables 2 and 3,
pages 2 and 3)
t; = Final pipe temperature, F (steam temp)
t, = Initial pipe temperature, ¥ (usually room
temp)
.114 = Specific heat constan: for wrought iron or
steel pipe (.092 for copper tubing)
h, = Latent heat of steam, Btu/Ib (from steam
tables)
T = Time for warm-up, hr

The radiation load is the ccndensate formed by
unavoidable radiation loss from a bare pipe. This
load is determined from the following equation and
is based on still air surrounding the steam main or
riser:

LXK X(t; )

C. h,

where:
¢, = Radiation condensa'e, Ib/hr
L = Linear length of pipe, [t
K = Heat transmission coefficient, Btu/(hr)
(linear ft) (deg F d.ff between pipe and
surrounding air), Teble 54, Part 1
t;, tn hy explained previously

The radiation load builds up as the warm-up
load drops off under normal operating conditions.
The peak occurs at the mid-point of the warm-up
cycle. Therefore, one-half of the radiation load is
added to the warm-up load to cetermine the amount
of condensate that the trap handles.
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Pressure Differential

The pressure differential across the trap is deter-
mined at design corditions. If a vacuum exists on
the discharge side of the trap, the vacuum is added to
the inlet side pressure to determine the differential.

Safety Factor
Good design practice dictates the use of safety
factors in steam trap selection. Safety factors from
2 to 1 to as high as & to 1 may be required, and for
the following reasons:
1. The steam pressure at the trap inlet or the
back pressure at the trap discharge may vary.
This changes the steam trap capacity.

2. If the trap is sized for normal operating load,
condensate mav back up into the steam lines
or apparatus during start-up or warm-up opera-
tion.

Lo

If the steam trz p is selected to discharge a full
and continuous stream of water, the air could
not be vented from the system.

The following guide is used to determine the
safety factor:

DESIGN SAFETY FACTOR
Draining steam mair jtol
Draining steam riser 2tol
Between boiler and :nd of main 2tol
Before reducing valve Jtol
Before shut-off valve

(closed part of tine) 3ol
Draining coils Jtol
Draining apparatus Jtol

When the steam trap is to be used in a high pres-
sure system, determine whether or not the system
is to operate under low pressure conditions at cer-
tain intervals such as night time or weekends. If this
condition is likely to occur, then an additional
safety factor should be considered to account for
the lower pressure drop available during night time
operation,

Example 5 illustrates the three concepts men-
tioned previously in trap selection—condensate han-
dled, pressure differential and safety factor.

Example 5 — Steam Trap Selection for Dripping Supply
Main to Peturn Line
Given:
Steam main — 10 in. diam steel pipe, 50 ft long
Steam pressure — 5 psiz (227 F)
Room temperature — 70 F db (steam main in space)
Warm-up time — 15 minutes
Steam trap to drip main into vacuum return line
(2 in. vacuum gage design)

Find:
I. Warm-up load.
2. Radiation load.
3. Total condensate load.
4. Specifications for steam trap at end of supply main.

Solution:
I. The warm-up load is determined from the following
equation:
o W X (tf— ) > 114
17 hyxT
where: W =40.48 Ib/ft X 50 ft (Table 2)
t,= 227 F
t,= 70F
hy, =960 Btu/lb (from steam tables)
T=25hr
2024 X (227 — 70) x .114
¢ i 960 X .25

=150 1b/hr of condensate

2. The radiation load is calculated by using the following
equation:
LXKX(t,—1)
Cc =

2 hr

where: =50 ft
K =641 Bru/(hr) (linear foot)
(deg F diff between pipe and air)
from Table 54, Part I
t,=227F
{,= 70F
h; =960 Btu/Ib (from steam tables)
. 50 X 6.41 X (227 — 70)
£l 960
= 52 1b/hr of condensate

3. The total condensate load for steam trap selection is
equal to the warm-up load plus one half the radiation
load.

Total condensate load = C, + (14 X C )
=150 + (14 X 52)
=176 1b/hr

4. Steam trap selection is dependent on three factors: con-

densate handled, safety factor applied to total condensate
load, and pressure differential across the steam trap.
The safety factor for a steam trap at the end of the main
is 3 to 1 from the table on this page. Applying the 3 to 1
safety factor to the total condensate load, the steam trap
would be specified to handle 3 X 176 or 528 1b/hr of
condensate.

The pressure differential across the steam trap is deter-
mined by the pressure at the inlet and discharge of the
steam trap.

Inlet to trap =5 psig

Discharge of trap = 2 in. vacuum (gage)
When the discharge is under vacuum conditions, the
discharge vacuum is added to the inlet pressure for the
total pressure differential.

Pressure differential = 6 psi (approx)
Therefore the steam trap is selected for a differential
pressure of 6 psi and 528 1b/hr of condensate.
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AIR VENT
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AIR PASSAGE
VALVE
QOUTLET T rr INLET
SRERTa Sy —

Fi1c. 99 — FrLoaT TRrRAP

STEAM TRAP TYPES
The types of traps commonly used in steam sys-
tems are:

Float Flash
Thermostatic Impulse

Float & thermostatic Lifting
Upright bucket Boiler return or

Inverted bucket alternating receiver

The description and use of these various traps
are presented in the following pages.

Float Trap

The discharge [rom the float trap is generally con-
tinuous. This type (Fig. 99) is used for draining con-
densate from steam headers, steam heating coils,
and other similar equipment. When a float trap is
used for draining a low pressure steam system, it
should be equipped with a thermostatic air vent.

Thermostatic Trap

The discharge from this type of trap is inter-
mittent. Thermostatic traps are used to drain con-
densate from radiators, convectors, steam heating
coils, unit heaters and other similar equipment.
Strainers are normally installed on the inlet side of
the steam trap to prevent dirt and pipe scale from

THERMOSTATIC
ELEMENT

VALVE

} OUTLET

Fic. 100 — THERMOSTATIC TRAP, BELLOWS TYPE

@ Air Conditioning Company

-THERMOSTATIC
DISC ELEMENT
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INLET
—_—

™ VALVE AND
ORIFICE

Fi1c. 101 — THERMOSTATIC TRRAP, DIsc TYPE

entering the trap. On traps used for radiators or
convectors, the strainer is usually omitted. Fig. 100
shows a typical thermostatic trap of the bellows type
and Fig. 101 illustrates a disc typz thermostatic trap.

When a thermostatic trap is used for a heating
apparatus, at least 2 ft of pipe are provided ahead
of the trap to cool the condensate. This permits con-
densate to cool in the pipe rather than in the coil,
and thus maintains maximum coil efficiency.

Thermostatic traps are recommended for low
pressure systems up to a maximum of 15 psi. When
used in medium or high pressure systems, they must
be selected for the specific design temperature. In
addition, the system must be operated continuously
at that design temperature. This means no night
setback.

Float and Thermostatic Trap

This type of trap is used to drain condensate from
blast heaters, steam heating coils, unit heaters and
other apparatus. This combination trap (Fig. 102)
is used where there is a large vo'ume of condensate
which would not permit proper operation of a ther-
mostatic trap. Float and thermostatic traps are used
in low pressure heating systems up to a maximum
of 15 psi.

THERMOSTATIC
DISC ELEMENT

VALVE AND
ORIFICE

F1c. 102 — TypricAL FLOAT AND THERMOSTATIC TRAP

Figures 99 thru 102 from Heating Ventilating Air Conditioning Guide 1959, Used by permission.
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Fic. 103 — UpriGHT BUCKET TrAP

For medium anc high pressure systems, the same
limitations as outlined for thermostatic traps apply.

Upright Bucket Trap

The discharge o condensate from this trap (Fig.
103) is intermittent. A differential pressure of at least
I psi between the inlet and the outlet of the trap
is normally required to lift the condensate from the
bucket to the discharge connection. Upright bucket
traps are commorn.y used to drain condensate and
air from the blast coils, steam mains, unit heaters
and other equipment. This trap is well suited for
systems that have pulsating pressures.

Inverted Bucket Trap

The discharge from the inverted bucket trap (Figs.
104 and 105) is intermittent and requires a differ-
ential pressure between the inlet and discharge of
the trap to lift the condensate from the bottom of
the trap to the discharge connection.

Bucket traps are used for draining condensate and
air from blast coils, unit heaters and steam heating
coils. Inverted buclet traps are well suited for drain-

’ OUTLET

VALVE AND
ORIFICE

AIR VENT

Fi1c. 104 — INVERTED BUCKET TRAP

PART 3. PIPING DESIGN

OPTIONAL INLET

OUTLET INLET
———— ———
VALVE AND l 4
ORIFICE
( ’] AIR VENT
l FLOAT
DRAIN

Fi6. 105 — INVERTED BuckET TrRAP WITH GUIDE

ing condensate from steam lines or equipment where
an abnormal amount of air is to be discharged and
where dirt may drain into the trap.

Flash Trap

The discharge from a flash trap (Fig. 106) is inter-
mittent. This type of trap is used only if a pressure
differential of 5 psi or more exists between the steam
supply and condensate return. Flash traps may be
used with unit heaters, steam heating coils, steam
lines and other similar equipment.

Impulse Trap

Under normal loads the discharge from this trap
(Fig. 107) is intermittent. When the load is heavy,
however, the discharge is continuous. This type of
trap may be used on any equipment where the pres-
sure at the trap outlet does not exceed 259 of the
inlet pressure.

Lifting Trap

The lifting trap (Fig. 108) is an adaption of the
upright bucket trap. This trap can be used on all
steam heating systems up to 150 psig. There is an

ADJUSTABLE
ORIFICE

OQUTLET
N

RE ~EVAPORATING
CHAMBER

DRAIN PLUG

AND BLOWDOWN
VALVE OPENING

F16. 106 — FLASH TRAP
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CHAMBER

CONTROL

VALVE DISC
]
ORIFICE
OUTLET INLET

Fi1c. 107 — IMpPULSE TRAP

auxiliary inlet for high pressure steam, as illustrated
in the figure, to force the condensate to a point
above the trap. This steam is normally at a higher
pressure than the steam entering at the regular inlet.

Boiler Return Trap or Alternating Receiver

This type of trap is used to return condensate to
a low pressure boiler. The boiler return trap (Fig.
109) does not hold steam as do other types, but
is an adaption ol the lifting trap. It is used in con-
junction with a boiler to prevent flooding return
mains when excess pressure prevents condensate
from returning to the boiler by gravity. The boiler
trap collects condensate and equalizes the boiler and
trap pressure, enabling the condensate in the trap
to flow back to the boiler by gravity.

CONDENSATE RETURN PUMP

Condensate return pumps are used for low pres-
sure, gravity return heating systems. They are nor-
mally of the motor driven centrifugal type and have
a receiver and automatic float control. Other types

HIGH PRESSURE
i INLET

BUCKET

BLOW OFF

Fic. 108 — LiFTiNG TRrRAP
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VENT TO
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OUTLET

Fic. 109 — BoILER RETURN TRAP OR ALTERNATING
RECEIVER

of condensate return pumps are the rotary, screw,
turbine and reciprocating pump.

The condensate receiver is sized to prevent large
fluctuations of the boiler water line. The storage
capacity of the receiver is approximately 1.5 times
the amount of condensate returned per minute, and
the condensate pump has a capacity of 2.5 to 3 times
normal flow. This relationship of pump and receiver
to the condensate takes peak coridensation load into
account.

VACUUM PUMP

Vacuum pumps are used on a system where the
returns are under a vacuum. T e assembly consists
of a receiver, separating tank ind automatic con-
trols for discharging the condensate to the boiler.

Vacuum pumps are sized in the same manner as
condensate pumps for a delivery of 2.5 to 3 times the
design condensing rate.

PIPING LAYOUT

Each application has its own layout problem with
regard to the equipment location, interference with
structural members, steam condensate, steam trap
and drip locations. The following steam piping dia-
grams show the various principles involved. The
engineer must use judgment in applying these prin-
ciples to the application.

Gate valves shown in the ciagrams should be
used in either the open or closedl position, never for
throttling. Angle and globe valves are recommended
for throttling service.

In a one-pipe system gate valves are used since
they do not hinder the flow of condensate. Angle
valves may be used when they do not restrict the
flow of condensate.

All the figures show screwed ttings. Limitations
for other fittings are described in Chapter 1.

Figures 103 thru 109 from Heating Ventilating Air Conditioning Guidz 1959. Used by permission.




PART 3. PIPING DESIGN

\STEAM MAIN

RISER

(DRIPF‘Ey
4 TO

CONDENSATE
RETURN

PITCH TOV/ARD
RISER (!5 IN./FT)

Fic. 110 — CoNNEcTION TO DRIPPED RISER

Steam Riser

Figures 110 and 111 illustrate steam supply risers
connected to mains with runouts. The runout in
Fig. 110 is connected to the bottom portion of the
main and is pitched toward the riser to permit con-
densate to drain from the main. This layout is used
only when the riser is dripped. If a dry return is
used, the riser is cripped thru a steam trap. If a
wet return is used, the trap is omitted.

Fig. 111 shows a piping diagram when the steam
riser is not dripped. In this instance the runout is
connected to the upper portion of the steam main
and is pitched to carry condensate from the riser to
the main.

Prevention of Water Hammer

If the steam main is pitched incorrectly when the
riser is not dripped, water hammer may occur as
illustrated in Fig. 112, Diagram “a” shows the run-
out partially filled with condensate but with
enough space for s.eam to pass. As the amount of
condensate increases and the space decreases, a wave
motion is started a; illustrated in diagram “b”. As
the wave or slug of condensate is driven against the
turn in the pipe (diagram “c”), a hammer noise is

RISER

(NOT DRIFFEV

= PITCH TOWARDS STEAM
MAIN (b, IN./ FOOT)

Z/STEJ-\M

MAIN

Fi6. 111 — ConnEcTION TO RIsER (NOT DRIPPED)

{a) 1

Fi16. 112 — WATER HAMMER

caused. This pounding may be of sufficient force to
split pipe fittings and damage coils in the system.
The following precautions must be taken to pre-
vent water hammer:
1. Pitch pipes properly.
2. Avoid undrained pockets.
3. Choose a pipe size that prevents high steam
velocity when condensate flows opposite to the
steam.

Runout Connection to Supply Main

Figure 113 illustrates two methods of connecting
runouts to the steam supply main. The method
using a 45° ell is somewhat better as it offers less
resistance to steam flow.

Expansion and Contraction

Where a riser is two or more floors in height, it
should be connected to the steam main as shown

RISER

~~ RUNOUT,
PITCH Y5 IN/FT

S STEAM MAIN—

ACCEPTABLE RECOMMENDED

Fic. 113 — RunouT CONNECTIONS
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RISER
Fa

MOVEMENT

Fic. 114 — Riser CONNEGTED TO ALLOW FoORr
ExPANSION

in Fig. 114. Point (4) is subject to a twisting move-
ment as the riser moves up and down.

Figure 115 shows a method of anchoring the
steam riser to allow [or expansion and contraction.
Movement occurs at (A) and (B) when the riser
moves up and down.

Obstruetions

Steam supply mains may be looped over obstruc-
tions if a small pipe is run below the obstruction to
take care of condensate as illustrated in Fig. 116.
The reverse procedure is followed for condensate
return mains as illustrated in Fig. 117. The larger
pipe is carried under the obstruction.

Dripping Riser

A steam supply main may be dropped abruptly to
a lower level without dripping if the pitch is down-
ward. When the steam main is raised to a higher
level, it must be dripped as illustrated in Fig. 118.

MOVEMENT

Fi1G. 115 — RISER ANCHOR
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Fic. 116 — SuprLy MAIN Loors

AIR

LINE
AT LEAST
I INCH
s =
]//
HANDHOLE

-PLUG IN TEE
FOR CLEANOUT

Fi6. 117 — RETURN MAIN Loor

=)

BOILER WATER LINE

REDUCING COUPLING—"

Fic. 118 — DrRIPPING STEAM MAIN

This diagram shows the steam main dripped into a
wet return.

Figure 119 is one method of dripping a riser thru

STEAM TRAP

PITCH.

——

12

DIRT LEG (6") \

CONDENSATE RETURN MAIN @

Fic. 119 — Riser DRrirPED TO DRY RETURN

Figures 116 thru 118 from Heating Ventilaling Air Condilioning Guide 1959, Used by permission.
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INVERTED LIFT /—commou. VALVE (NOTE 3)
FITTING OR ELBOWS
/a NIPPLES “ST““'"ER

T GATE VALVE
HOLD ﬂ ” f
AMIN~"L 4
& IN. PET COCK
SHORT FOR com-muous
NIPPLES TO VACUUM PUMP ve < STEAM SUPPLY
i 7 MAIN
TOTAL LIFT ILIFT PIPE § DIA. WHEN END OF SUPPLY
LIMIT 5FT OF VAGUUM RETURN \ MAIN, SEE FIG. 125
! 0 15° CHECK VALVE
GCHON FOR BREAKING VACUUM
RETURN ~NO JOINTS IN ol s T IN. LINE
FROM | LIFT PIPE wall [ Snote
SYSTEM
e ) LIFT FITTING LJ
g DIRT LEG (6" ) /~ GATE VALVE
158° CHECK VALVE
FLOAT OR
BUCKET TRAP
F1c. 120 — One-STEP CONDENSATE LIFT (NOTE 2)
couneusma
RETURN MAIN
a steam trap to a dry return. The runout to the re-
turn main is pitched toward the return main. NOTES:
1. Flange or union is located to facilitate coil removal.
Vacuum Lift 2. Flash trap may be used if pressure differential be-
As described under vacuum systems, a lift is tween steam and condensate return exceeds 5 psi.
sometimes employed to lift the condensate up to the 3. When a bypass with control is required, see Fig. 126.

inlet of the vacuum pump. Figs. 120 and 121 show 4. Dirt leg may be replaced with a strainer. If so, tee
on drop can be replaced by a reducing ell.

a one-step an 0- ift r ively. - .
= _P d tw MEp ,1 £ ESPECU ely. The one . The petcock is not necessary with a bucket trap or
step lift is used for a inaximum lift of 5 ft. For 5 to 8 any trap which has provision for passing air. The

ft a two-step lift is required. great majority of high or medium pressure returns
end in hot wells or deaerators which vent the air.

(31

Fic. 122 — Hicu or MEepiuMm PrEssurRE CoiL Preine

TOTAL LIFT (L) Lo
RETURN i
NCT OVER 8FT. |  |pIPE SizE Steam Coils
IF MORE THAN INCHES IN. 7y . . B
PUMP il By B : = I‘tgwef 1?2 tluz_t 131 show methods of piping
THAN 2 STEPS §
b i - steam C(?l]:S in a high or low pressure or vacuum
=L/2 5 e steam piping system. The following general rules
A 2 s are applicable to piping layout for steam coils used
| L L 2% |ia in all systems:
3 15 I. Use full size coil outlets and return piping to
REDUCING ELL = the steam trap.
5 21 ; ;
: = 2. Use thermostatic traps for venting only.
I'sT STEP 5 L
=L/2 i Fp—— 3. Use a 15° check valve only where indicated on
LENGTH (A) the layout.
LIETRIEE VAGUUM 4. Size the steam control valve for the steam load,
7 DIA OF _/. RETURN fo ek ] p
VACUUM RETURN-/ 15 not for the supply connection.
I- V———V 5. Provide coils with air vents as required, to
eliminate non-condensable gases.
6. Do not drip the steam supply mains into coil
Fi6. 121 — Two-STEP CONDENSATE LIFT sections.

Figures 120 and 121 from Heating Ventilating Air Conditioning Guide 1959. Used by permission.
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FLANGE OR UNION

(NOTE 1)
A\

~—CONTROL VALVE (NOTE 2)

STRAINER
_—GATE VALVE

>

15° CHECK
VALVE FOR
BREAKING

£ VACUUM

UNIT
STEAM SUPPLY MAIN

N S_SEE FIG. 125 WHEN END
T LINE OF STEAM SUPPLY MAIN
NOTE |
12t 7
MIN.
_/ 3?155 OPEN AIR RELIEF TO
DIRT LEG I [ATMOSPHERE CLOSE
(8" TO UNIT
15° CHECK VALVE
FLOAT AND =~ —CONDENSATE
THERMOSTATIC RETURN MAIN
TRAP
NOTES:

1. Flange or union is located to facilitate coil removal.
2. When a bypass with control is required, see Fig. 126.

3. Check valve is necessary when more than one unit
is connected to the return line.

4, Dirt pocket is the same size as unit outlet, If dirt
pocket is replaced by a strainer, replace tee with
a reducing ell from unit outlet to trap size.

Fic. 123 — SINGLE CoiL Low PRESSURE PIPING
GRAVITY RETURN

Do not pipe tempering coils and reheat coils
to a common steam trap.

8. Multiple coils may be piped to a common
steam trap if they have the same capacity and
the same pressure drop and if the supply is
regulated by a control valve.

Piping Single Coils

Figure 122 illustrates a typical steam piping dia-
gram for coils used in either a high or medium
pressure system. If the return line is designed for
low pressure or vacuum conditions and for a pres-
sure differential of 5 psi or greater from steam to
condensate return, a flash trap may be used.

Low pressure steam piping for a single coil is

illustrated in Fig. 123. This diagram shows an open
air relief located after the steam trap close to the

unit. This arrangement permits non-condensable
gases to vent to the atmosphere.

Figure 124 shows the piping layout for a steam
coil in a vacuum system. A 15° check valve is used to
equalize the vacuum across the steam trap.

@ Air Conditioning Company
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/CONTROL VALVE (NOTE 2)

/—STRAlh ER
o GATE VALVE

/<STEAM

SUPPLY MAIN

Ny WHEN END OF SUPPLY
MAIN SEE FIG. 125

— 15° CHECK VALVE
FOR EQUALIZING
VACUUM

]

—

o
12" kL

MIJN/
DIRT LEG— U L*” ‘/
(6")

15° CHECK VALVE _/
FLOAT AND

THERMOSTATIC TRAP

SEE NOTE |

e GATE VALVE

CONDENSATE
RETURN MAIN
NOTES:
1. Flange or union is located to facilitate coil removal.
2. When a bypass with control is specified, see Fig. 126.
3

. Check valve is necessary when more than one unit is
connected to the return line.

Fic. 124 — Vacuum SystEM StEam CoiL Piping

GATE

STEAM

SUPPLY

TO UNIT

STEAM SUPPLY
MAIN
/FL.C AT & THERMOSTATIC
TRAP
DIRT LEG GATE VALVE
s
GLOBE wn.ve/% e CPEN AIR RELIEF TO
(PLUG TYPE) o : ETMOSPHERE CLOSE
, 10 UNIT. REQUIRED ON
E:‘N'*; i LOW PRESSURE GRAVITY
1 FETURN T S

CONDENSATE 1 SUBIENS

RETURN :

FROM 3

UNIT x /

GATE VALVE
- CONDENSATE
RETURN MAIN

NOTES:
1. A bypass is necessary around trap and valves when
continuous operation is necessary.

2. Bypass to be the same size as trap orifice but never
less than 14 inch.

Fic. 125 — DRriPPING STEAM SupPPLY TO CONDENSATE
RETURN
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NOTE I~ \

UNIT

CONDENSATE
RETURN

NOTES:

}“ﬁE’:ATE VALVE
CONTROL VALVE
o

z / l
GLO3E VALVE
~ (PLLG TYPE)

STEAM SUPPLY —a
MAIN

1. Flange or union is located to facilitate coil removal.

2. A bypass is necessary around valves and strainer
when continuous operation is necessary.

3. Bypass to be the same size as valve port but never

less than 14 inch.

F1c. 126 — Byrass WiTH MANUAL CONTROL

Dripping Steam Supply Main
A typical method of dripping the steam supply
main to the condensate return is shown in Fig. 125.

GATE VALVE \

~NOTE
|

UNIT

Il'/-/-ntlnTE
MI;«L/\

DRAIN VALVE N%
( GATE,NOTE 2)

NOTES:

STEAM SUPPLY

MAIN
/
s

OVERHEAD
CONDENSATE
RETURN
MAIN

| GATE VALVE

¥t

CHECK VALVE
/
g

BUCKET TRAP
(LOCATED BELOW COIL QUTLET)

1. Flange or union is located to facilitate coil removal.
2. To prevent water hammer, drain coil before admit-

ting steam.

3. Do not exceed one foot of lift between trap discharge
and return main for each pound of pressure differ-

ential.

4. Do not use this arrangement for units handling

outside air.

Fi16. 127 — CoNDENSATE LIFT To OVERHEAD RETURN

/CONTRQL VALVE (NOTE 2)
/,— STRAINER

- GATE VALVE
r

¥ PET cock

FOR CONTINUOUS
' VENT

STEAM
SUPPLY
MAIN

P
< REFER TO FIG. 125
WHEN DRIPPING STEAM SUPPLY
MAIN TO CONDENSATE RETURN

/iy

| ~15° CHECK VALVE
UNIT
/‘/

FOR BREAKING VACUUM
A

N +"PET cock FoR
CONTINUOUS VENT

12" MIN.

/
v
\/ Vil

/—15' CHECK VALVE

/— GATE VALVE

CONDENSATE
~— RETURN MAIN

DIRT LEG (6')\ \!\ -

FLOAT OR BUCKET _/ |
TRAP (NOTE 3 8 4)

NOTES:

I. Flange or union is located to facilitate coil removal.

2. When bypass control is required, see Fig. 126.

3. Flash trap can be used if pressure differential be-
tween supply and condensate return exceeds 5 psi.

4. Coils with different pressure drops require individual
traps. This is often caused by varying air velocities
across the coil bank.

(5

. Dirt pocket may be replaced by a strainer. If so, tee
on drop can be replaced by a reducing ell.

6. The petcock is not necessary with a bucket trap
or any trap which has provision for passing air. The
great majority of high pressure return mains termi-
nate in hot wells or deaerators which vent the air.

Fic. 128 — MurTtipLE Coir HiGH PRESSURE PIPING

Steam Bypass Control

Frequently a bypass with a manual control valve
is required on steam coils. The piping layout for a
control bypass with a plug type globe valve as the
manual control is shown in Fig. 126.

Lifting Condensate to Return Main

A typical layout for lifting condensate to an over-
head return is described in Fig. 127. The amount
of lift possible is determined by the pressure dif-
ferential between the supply and return sides of the
system. The amount of lift is not to exceed one foot
[or each pound of pressure differential. The maxi-
mum lift should not exceed 8 ft.
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NOTE | CONTROL VALVE

T (NOTES 28 3)

s STRAINER
i 5, -~ GATE VALVE
15° CHECK VALVE STEAM SUPPLY

UNIT FOR BREAKING

2 VACUUM

> REFER TO FIG. 125

WHEN DRIPPING
\)r(: SUPPLY TO RETURN.
— THERMOSTATIC TRAP (% )
UNIT
[
~

<L OPEN AIR RELIEF
Yoy # TO ATMOSPHERE
K
"
DIRT LEG (6"~ Jay

\{

N
15° CHECK VALVE—/ "Q\q
\<|'

5
NOTE |/ k&}\ “/(
/ CONDENSATE

GATE VAL.\J'E‘T
RETURN

FLOAT OR BUCKET
TRAP {NOTE 4)

NOTES:
1. Flange or union is located to facilitate coil removal.

2. See Fig. 131 when control valve is omitted on multi-
ple coils in parallel air flow.

3. When bypass control is required, see Fig. 126.

4. Coils with different pressure drops require individual
traps. This is often caused by varying air velocities
across the coil bank.

Fic. 129 — MuLTipLE CoiL Low PRESSURE PIPING
GRAVITY RETURN

Piping Multiple Coils

Figures 128 thru 131 show piping layouts for high
pressure, low pressure and vacuum systems with
multiple coils. If a control valve is not used, each
coil must have a separate steam trap as illustrated
in Fig. 131. This particular layout may be used for
a low pressure or vacuum system.

If the coils have different pressure drops or capaci-
ties, separate traps are required with or without a
control valve in the system.

Boiler Piping

Figure 132 illustrates a suggested layout for a
steam plant. This diagram shows parallel boilers
and a single boiler using a “Hartford Return Loop.”

@ Air Conditioning Company

CONTROL VALVE
NOTE | —a. (NOTES 28 3)
STF AINER
\>‘ S~ _~ GATE VALVE
15° CHECK VALVE STEAM SUPPLY
FOR BREAKING
UNIT VACUUM

¥
“REFER TO FIG. 12§
WHEN DRIPPING

SUPPLY TO RETURN.

THERMOSTATIC TRAP ({)

15° CHECK VALVE FOR

jr""’f/ EQUALIZING VACUUM
} N“‘Q\
|
FLOAT OR BUCKET
TRAP (NOTE 4) /
NOTE | J
GATE VALV

CONDENSATE
RETURN

NOTES:
1. Flange or union is located to facilitate coil removal.

2. See Fig. 131 when control valve is omitted on multi-
ple coils in parallel air flow.
3. When bypass control is requirec, see Fig. 126.

4. Goils with different pressure drcps require individual
traps. This is often caused by varying air velocities
across the coil bank.

Fi16. 130 — MuLTipLE CoiL Low PRESSURE VAcUUM
SysteM Prring

FREEZE-UP PROTECTION

When steam coils are used for tempering or pre-
heating outdoor air, controls are required to pre-
vent freezing of the coil.

In high, medium, low pressure and vacuum sys-
tems, an immersion thermostat is recommended to
protect the coil. This protection device controls the
fan motor and the outdoor air damper. The immer-
sion thermostat is actuated when the steam supply
fails or when the condensate temperature drops
below a predetermined level, usually 120 F to 150 F.
The thermostat location is shown in Fig. 133.

The 15° check valve shown ia the various piping
diagrams provides a means of equalizing the pres-
sure within the coil when the stcam supply shuts off.
This check valve is used in addition to the immer-
sion thermostat. The petcock for continuous vent-
ing removes non-condensable zases from the coil.
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SEE NOTE
STRAINER
\ I\ e
\ _~— GATE VALVE
STEAM SUPPLY
UNIT i
&
\\t
\ I8
')<\ REFER TO FIG. 125
. WHEN DRIPPING STEAM SUPPLY
~ MAIN TO CONDENSATE RETURN
UNIT
.
N
\ e N
/K} SEE NOTE
FLOAT AND THERMO -
™| STATIC TRAPS

| CHECK VALVES

DIRT LEG (6") /-GATE VALVE

B
CONDENSATE
RETURN
MAIN

NOTE: Flange or union is located to facilitate coil
removal.

Fic. 131 — Low PRESSURE OR VACUUM SYSTEM
S1EAM TRAPS

Non-condensable gases can restrict the flow of con-
densate, causing coi. freeze-up.

On a low pressure and vacuum steam heating
system, the immersion thermostat may be replaced
by a condensate drain with a thermal element
(Fig. 134). The thermal element opens and drains
the coil when the condensate temperature drops

GATE VALVE
/_IF ANY \ P
| I

'] NORMAL l

HEADER WATER
NORMAL LEVEL-~+,

{"WATER LEVEL ._

= GATE =" "
{VALVE "\,

CONDENSATE
RETURN MAIN

Fic. 132 — “HarTFoRD” RETURN LoOOP
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IMMERSION
THERMOSTAT
(SEE NOTE)

12"MIN.

"/

) STEAM
DIRT LEG (s")—/’\ TRAP,
| i

NOTE: Immersion thermostat is for control of out-
door air dampers and fan motor. Thermostat
closes damper and shuts off fan when con-
densate temperature drops below a predeter-
mined level.

Fi16. 133 — FrEEZE-UP PROTECTION FOR HicH, MEDIUM
Low PRESSURE, AND VACUUM SYSTEMS

H

below 165 F. Condensate drains are limited to a
5 1b pressure,

CONDENSATE

SCREEN

BIMETAL

TO DRAIN

Y,
%,
" \ DETAIL "a"

12" MIN,

BIRT LEG 16"~ \j\ﬂ\ STEAM TRAP
4 ;\‘i’
CONDENSATE DRAIN 1\[

SEE NOTE & DETAIL A OPEN

SITE DRAIN

NOTE: Condensate drain drains coil when condensate
temperature drops below a predetermined level.

Fic. 134 — FREEZE-UP PROTECTION FOR Low PRESSURE
AND VAcUUM SYSTEMS



CHAPTER 4. STEAM PIPING

The following are general recommendations in

laying out systems handling outdoor air below 35 F:

1. Do not use overhead returns from the heating
unit,

2. Use a strainer in the supply line to avoid col-

3-103

lection of scale or other foreign matter in
distributing orifices of nonfreeze preheater.

. Refer to Part 2, Chapter 1, “Preheat Coils”;

and Part 6, Chapter 4, “Coil Freeze-Up Pro-
tection.”




v
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A

Accessories
water piping, see water piping
piping accessories
water piping, see water piping
accessories
steam piping, see steam piping
accessories
Air vents, water piping systems, 3-31
Air washer, water piping, 3-38
Alternating receiver steam trap, 3-95

Angle valves
bonnet and body connections, 3-10
disc construction, 3-14
pipe connections, 3-12
pressure loss, 3-16
table 10, 3-16
stem operation, 3-11

B

Back pressure valves, 3-77
chart 25, 3-78
Boiler piping layout, 3-101
Boiler return steam trap, 3-94
Bypass control, steam piping, 3-100

C

Charging connections, refrigerant,
3-76
Check valves
bonnet and body connections, 3-10
disc construction, 3-14
lift, 3-15
pipe connections, 3-12
pressure loss, 3-16
table 10, 3-16
refrigerant piping systems, 3-79
swing, 3-15

Closed water piping systems, 3-19

Codes
refrigerant piping, 3-43
steam piping, 3-81
water piping, 3-20

Coil piping
direct expansion, 3-62
drain line, 3-41
freeze-up protection, 3-101
horizontal multiple water coils, 3-35
multiple circuit refrigerant coils, 3-62
multiple steam coils, 3-101
multiple water coils, 3-33
refrigerant, 3-62
sprayed, 3-39
steam, 3-98
steam bypass, 3-100
vertical multiple water coils, 3-33
water, 3-32
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INDEX

Compressors

discharge line, 3-65

hot gas loop, 3-65

interconnecting, 3-66

suction line, 3-65
Condensate piping

evaporative condenser, 3-67

line sizing, 3-57

table 17, 3-57

liquid receiver, 3-67

steam return, 3-81
Condensate return pump, 3-95
Condenser

evaporative, 3-67

liquid receiver, 3-67

multiple shell and tube, 3-69

receiver vent line sizing, 3-68

table 21, 3-68

refrigerant, 3-67

shell and tube, 3-69

water, 3-34
Contraction of steam piping, 3-96
Cooler

refrigerant, 3-64

water, 3-34
Cooling tower piping, 3-36

Copper tubing

condensate lines, see refrigerant pipe
sizing

connections to valves and fittings,
3-12

expansion, 3-4
table 5, 3-4

expansion loops, 3-4

expansion offsets, 3-4
table 6, 3-6

ot gas lines, see refrigerant pipe
sising

liquid lines, see refrigerant pipe
sizing

materials, 3-1
table 1, 3-1

physical properties, 3-1
table 3, 3-3

refrigerant systems, see refrigerant
pipe sizing

service limitations, 3-4
table 4, 3-4

steam systems, see steanm pipe Sizing

suction lines, see refrigerant pipe
sizing

supports, 3-6
table 8, 3-6

vibration, 3-7, 3-70

water friction loss, 3-21
chart 5, 3-25

water systems, see waler pipe sizing

D

Direct expansion coil piping, 3-62

Discharge line
accessories, 3-78, also see refrigerant
piping acce.sories
compressor, 3-65
design, 3-60
double risers, 3-60
insulation, 3-1'9
oil entrainment, 3-60
table 19, 3-61
risers, 3-60
sizing (copper), 3-44, 3-60
chart 8, 3-46
chart 14, 3-50
chart 17, 3-52
sizing (steel , 3-44, 3-60
chart 11, 348
chart 20, 3-54
Discharge risers, see discharge line
Double discharge risers, see discharge
line
Double hot gas risers, see hot gas
line

Double suction risers, see suction line
Drain line, 3-¢1

Driers, 3-75

Dry expansioa cooler, 3-64

E

Erosion, max mum water velocity,
3-21
table 14, {-21
Expansion
flexible metal hose, 3-6
flexible rubber hose, 3-6
joints, 3-4
loops, 3-4
chart 1, 3-5
offsets, 3-4
chart 2, 3-5
table 6, 3-6
pipe, 3-4
table 5, 3-4
steam pipinyg, 3-96
water, 3-30
table 15, :i-31

Expansion tink
closed, 3-30
open, 3-30
piping laycut, 3-40
sizing, 3-30
Expansion valves, 3-16, 3-76
Evaporative condenser piping to re-
ceiver, .i-67
Evaporatort
dry expantion coolers, 3-64
flooded coolers, 3-64
multiple circuit, 3-62
suction linz loops, 3-62
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F
Filters-driers, 3-75
Fittings
elbow, 3-8
material, 3-1
table 1, 3-1

pipe connections, 3-12
pressure loss, 3-16
table 11, 3-17
table 12, 3-18
service limitations, 3-¢.
table 4, 3-4
tee, 3-8
unions, 3-8
Flash steam trap, 3-94
Flexible metal hose, 3-6
Flexible rubber hose, -6
Float and thermostatic steam trap,
3-93
Float steam trap, 3-93
Flooded coolers, 3-64
Freeze-up protection, steam, 3-101
Friction
refrigerant, 3-43, 3-45
steam, 3-89
water, 3-21

Gages, 3-31
Gate valve
bonnet and body construction, 3-10
disc construction, 3-13
material, 3-1
table 1, 3-1
pipe connections, 3-12
pressure loss, 3-16
table 10, 3-16
service limitations, 3-4
table 4, 3-4
stem operation, 3-11
Globe valve
bonnet and body const -uction, 3-10
disc construction, 3-14
material, 3-1
table 1, 3-1
pipe connections, 3-12
pressure loss, 3-16
table 10, 3-16
refrigerant, 3-15
service limitations, 3-4
table 4, 3-4
stem operation, 3-11

H

High pressure steam system, two-
pipe, see two-pipe high pressure
system

Hot gas line

accessories, 3-78, also see refrigerant
piping accessories
compressor, 3-65

Hot gas line (cont.)
design, 3-60
double risers, 3-60
insulation, 3-79
oil entrainment, 3-60
table 19, 3-61
risers, 3-60
sizing (copper), 3-44, 3-60
chart 8, 3-46
chart 14, 3-50
chart 17, 3-52
sizing (steel), 3-44, 3-60
chart 11, 3-48
chart 20, 3-54
Hot gas loop, compressors, 3-65

Hot gas risers, see hot gas line

I

Impulse steam trap, 3-94

Indicators, liquid line, see liquid line
indicators

Insulation, refrigerant, 3-79

Interchanger, liquid suction, see liquid
suction interchanger

Inverted bucket steam trap, 3-94

L

Lift check valve, see check valve
Lifting steam trap, 3-94
Liquid line
accessories, 3-71, also see refrigerant
piping accessories
condensate, 3-57
table 17, 3-57
design, 3-45
indicators, 3-74
insulation, 3-79
friction drop, 3-45
sizing (copper), 3-44
chart 9, 3-47
chart 13, 3-51
chart 18, 3-53
sizing (steel), 3-44
chart 12, 3-49
chart 21, 3-55
static head, 3-45
subcooling, 3-45
chart 22, 3-56
Liquid suction interchanger
shell and coil, 3-72
shell and tube, 3-72
tube-in-tube, 3-72
charts 23, 24, 3-73

Loop
copper expansion, 3-4
steel expansion, 3-4
chart 1, 3-5

Low pressure steam system
one-pipe, see one-pipe low pressure
system
two-pipe, see two-pipe low pressure
system

PART 3. PIPING DESIGN

M

Material
fittings, 3-1
table 1, 3-1
pipe, 3-1
table 1, 3-1
Medium pressure steam system, two-
pipe, see iwo-pipe medium pressure
system
Metal flexible hose, 3-6

Mufflers, hot gas line, 3-79

(0]

Offsets
copper expansion, 3-4
steel expansion, 3-4
chart 2, 3-5
table 6, 3-6

Qil return
hot gas risers, 3-60
table 19, 3-61
refrigerant, 3-43
suction risers, 3-57
table 18, 3-58

Oil separators, 3-78
Once-thru water piping systems, 3-19
One-pipe steam systems
design, 3-82
sizing, 3-86
table 25, 3-87
table 27, 3-88

Open water piping systems, 3-19

P

Pipe, piping

accessories, see refrigerant piping
accessories, steam piping accesso-
ries, and water piping accessories

air washer, 3-38

boilers, 3-101

codes, 3-20, 3-43, 3-81

coils, see cotl piping

compressor discharge, 3-65

compressor hot gas loop, 3-65

compressor interconnections, 3-66

compressor suction, 3-65

connections to valves and fittings,
3-12

condenser (refrigerant side), 3-67

condenser (water side), 3-34

coolers (refrigerant side), 3-64

coolers (water side), 3-34

cooling towers, 3-36

copper, see copper tubing

diversity, water systems, 3-25
chart 6, 3-27

evaporative condenser, 3-67

expansion, 3-4
table 5, 3-4

expansion joints, 3-4

expansion loops, 3-4
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Pipe, piping (cont.)

expansion offsets, 3-4

expansion tank, 3-40

fittings, see fittings

flexible metal hose, 3-6

flexible rubber hose, 3-6

freeze-up protection, steam, 3-101

friction (refrigerant), see refrigerant
piping design

friction (steam), see steam piping
design

friction (water), see water piping
design

insulation, refrigerant lines, 3-79

layout (refrigerant), see refrigerant
piping layout

layout (steam), sec steam piping
layout

layout (water), see water piping
layout

liquid receiver condensate line, 3-67

material, 3-1
table 1, 3-1

multiple circuit refrigerant coils, see
refrigerant piping layout

multiple compressors, 3-66

multiple steam coils, see stearm piping
layout

multiple water coils, see water piping
layout

multiple shell and tube condensers,
3-69

physical properties of copper, 3-1
table 3, 3-3

physical properties of steel, 3-1
table 2, 3-2

pumps, 3-39

receiver vent line, 3-68
table 21, 3-68

refrigerant coils, see refrigerant pip-
ing layout

refrigerant systems, see refrigerant
piping design

service limitations, 3-4
table 4, 3-4

shell and tube condensers, 3-69

sizing refrigerant lines, see refriger-
ant pipe sizing

sizing steam lines, see steam pipe
sizing

sizing water lines, see water pipe
sizing

steam boilers, 3-101

steam coils, see steam piping layout

steam condensate, 3-81

steam systems, see steam piping
design

steam risers, 3-96

supports (dead level), 3-6
tables 7, 8, 3-0

supports (pitched), 3-82
table 22, 3-82

system design, 3-1

valves, see valves

vibration isolation, 3-7, 3-70

water coils, see water piping layout

water systems, see water piping
design
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Plug cocks, 3-15
pipe connections, 3-12
pressure loss, 3-16
table 10, 3-16
Pressure loss
fittings, 3-16
table 11, 3-17
table 12, 3-18
valves, 3-16
table 10, 3-16

Pumps
condensate return, 3-95
selection, 3-30
vacuum, 3-95
water piping layout, 3-39

R

Recirculating water piping system,
3-19

Refrigerant charging connections,
3-76

Refrigerant pipe sizing
condensate line, 3-57
table 17, 3-57
discharge riser, 3-60
double discharge riser, 3-60
double suction riser, 3-59
friction drop, 3-45
hot gas line (copper), 3-44, 3-60
chart 8, 3-46
chart 14, 3-50
chart 17, 3-52
hot gas line (steel), 3-44, 3-60
chart 11, 3-48
chart 20, 3-54
hot gas riser, 3-60
liquid line (copper), 3-45
chart 9, 3-47
chart 15, 3-51
chart 18, 3-53
liquid line (steel), 3-43
chart 12, 3-49
chart 21, 3-55
liquid line subcooling, 3-45
chart 22, 3-56
material, 3-1
table 1, 3-1
oil entrainment (hot gas riser), 3-60
table 19, 3-61
oil entrainment (suction riser), 3-57
table 18, 3-58
pressure drop effect on capacity, 3-43
table 16, 3-43
receiver vent line, 3-68
table 21, 3-68
refrigerant charge, 3-60
table 20, 3-61
static head, 3-45
suction line (copper), 3-44, 3-57
chart 7, 3-46
chart 13, 3-50
chart 16, 3-52
suction line (steel), 3-44, 3-57
chart 10, 3-48
chart 19, 3-54
suction risers, 3-57

Refrigerant pipe sizing (cont.)
vent lines, 3-€8
table 21, 3-08
weight of refrigerant, 3-60
table 20, 3-51
Refrigerant piping accessories
back pressure valve, 3-77
chart 25, 3-78
charging connections, 3-76
check valve, :i-79
driers, 3-75
expansion valves, 3-76
filter-driers, 3-75
insulation, 3-79
liquid line incicators, 3-74
liquid suction interchanger, 3-71
mufflers, 3-79
oil separator, 3-78
shell and coil exchanger, 3-72
shell and tube exchanger, 3-72
solenoid valves, 3-75
strainers, 3-74
tube-in-tube nterchanger, 3-72
charts 23, 24, 3-73
Refrigerant piping design
codes, 3-43
condensate lines, 3-57
copper pipe physical properties, 3-1
table 3, 3-:
discharge lire, 3-60
discharge riser, 3-60
double discharge riser, 3-60
double sucticn riser, 3-59
hot gas line, 3-60
hot gas riser, 3-60
friction loss, 3-43, 3-45
friction loss effect on capacity, 3-43
table 16, 3-43
liquid line, 3-45
liquid subcooling, 3-56
material, 3-1
table 1, 3-1
oil return, 3-43
principles, 3-43
refrigerant charge, 3-60
static head, 3-45
steel pipe pkysical properties, 3-1
table 2, 3-3
suction line, 3-57
suction risers, 3-57
valves, 3-8
table 9, 3-9
vibration, 3-7, 3-70
Refrigeratior piping layout
coils, 3-62
coolers, 3-61
compressor. 3-65
compressor discharge, 3-65
compressor suction, 3-65
condenser, }-67
dry expansion cooler, 3-64
evaporative condenser, 3-67
evaporators, 3-62
flooded coo ers, 3-64
interconnecting compressors, 3-66
multiple circuit coils, 3-62
multiple compressors, 3-66
multiple shell and tube condenser,

3-69
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PART 3. PIPING DESIGN

Refrigeration piping la:;7out (cont.)
receiver, 3-67
receiver vernt lines, 3-63
shell and tube condenser, 3-69
suction line loop, 3-62
vibration, 3-70

Refrigerant valves, 3-1°

Refrigerant weight, 3-6()
table 20, 3-61
Relief valves, 3-16
Risers, dripping steam lize, 3-97
Rubber flexible hose, 3-5

S

Solder joints, service | mitations, 3-4
table 4, 3-4

Solenoid valves, 3-16, 3-75
Static head, liquid line, :-45
Steam coils, see steam p ping layout

Steam pipe sizing

general design, 3-85
chart 27, 3-85
chart 26, 3-84
chart 27, 3-85

material, 3-1
table 1, 3-1

one-pipe low pressure system, 3-86
table 25, 3-88
table 27, 3-89

two-pipe high pressurc system, 3-85
table 23, 3-86

two-pipe low pressure system, 3-85
table 25, 3-87
table 26, 3-88
table 27, 3-88
table 28, 3-89

two-pipe medium pressare system,
3-85
table 24, 3-87

two-pipe vacuum systern, 3-86
table 25, 3-87
table 26, 3-88
table 27, 3-88
table 28, 3-89

two-pipe vapor system, 3-86
table 25, 3-87
table 26, 3-88
table 27, 3-88
table 31, 3-89

Steam piping design
arrangements, 3-81
codes and regulations, :-81
condensate return, 3-81
expansion, 3-4
table 5, 3-4
material, 3-1
table 1, 3-1
one-pipe system, 3-83
physical properties, copper tubing,
3-1
table 3, 3-3
physical properties, steel pipe, 3-1
table 2, 3-2
pressure conditions, 3-81
service limitations, 3-4
table 4, 3-4

Steam piping design (cont.)
supports, 3-82
table 22, 3-82
two-pipe system, 3-82
vibration, 3-7
water conditioning, 3-81
Steam piping layout
avoiding obstruction, 3-97
boiler, 3-101
bypass control, 3-100
coils, 3-98
contraction, 3-96
dripping riser, 3-97
dripping supply main, 3-100
expansion, 3-96
freeze-up protection, 3-101
lifting condensate to return, 3-100
multiple coils, 3-101
risers, 3-96
runout to supply main, 3-96
single coils, 3-99
water hammer, 3-96

Steam traps

alternating receiver, 3-95

amount of condensate, 3-91

boiler return, 3-94

flash, 3-94

float, 3-93

float and thermostatic, 3-93

impulse, 3-94

inverted bucket, 3-94

lifting, 3-94

pressure differential, 3-92

safety factor, 3-92

selection, 3-91

thermostatic, 3-93

upright bucket, 3-94

Steel pipe

connections to valves and fttings,
3-12

discharge lines, see refrigerant pipe
stzing

expansion, 3-4
table 5, 3-4

expansion loops, 3-4
chart 1, 3-5

expansion offsets, 3-4
chart 2, 3-5

hot gas line, see refrigerant pipe
stsing

liquid lines, see refrigerant pipe
sising

material, 3-1
table 1, 3-1

physical properties, 3-1
table 2, 3-2

service limitation, 3-4

steam lines, see steam pipe sizing

suction line, see refrigerant pipe
sizing

supports (dead level), 3-6
table 7, 3-6

supports (pitched), 3-82
table 22, 3-82

vibration, 3-7

water lines, see water pipe sizing

Strainers
refrigerant systems, 3-74
water systems, 3-31

Subcooling, liquid line, 3-45
chart 22, 3-56
Suction line
accessories, 3-77, also see refrigerant
piping accessories
coil connections, 3-62
compressor, 3-65
design, 3-57
double risers, 3-59
insulation, 3-79
loops, 3-62
oil entrainment, 3-57
table 18, 3-58
risers, 3-57
sizing (copper), 3-44
chart 7, 3-46
chart 13, 3-50
chart 16, 3-52
sizing (steel), 3-44
chart 10, 3-48
chart 19, 3-54
Suction risers, see suction line
Supply steam mains, 3-100

Supports
copper tubing, 3-6
table 8, 3-6
steam piping, 3-82
table 22, 3-82
steel pipe, 3-6
table 7, 3-6

Swing check valve, see check valve

s

Thermometers, 3-31
Thermostatic steam trap, 3-93
Traps, see steant trap
Tube condenser, see condenser

Tube-in-tube interchanger, 3-72
charts 23, 24, 3-73

Tubing, copper, see copper tubing

Two-pipe steam systems
design, 3-82
high pressure, 3-85
table 23, 3-86
low pressure, 3-85
table 25, 3-87
table 26, 3-88
table 27, 3-88
table 28, 3-89

medium pressure, 3-85
table 24, 3-87

vacuum pressure, 3-86
table 25, 3-87
table 26, 3-88
table 27, 3-88
table 28, 3-89
vapor pressure, 3-86
table 25, 3-87
table 26, 3-88
table 27, 3-88
table 28, 3-89
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U

Upright bucket steam trap, 3-94
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Vacuum pump, 3-95
Vacuum system, two-pipe, see fwo-
pipe steam syvstem
Valves
angle, 3-14
back pressure, 3-77
chart 25, 3-78
bonnet and body construction, 3-10
check, 3-15, 3-79
connections, 3-12
construction details, 3-10
disc construction, 3-13, 3-14
expansion, 3-16, 3-76
gate, 3-13
general purpose, 3-8
table 9, 3-9
globe, 3-14
lift check, 3-15
location in system, 3-32
material, 3-1
table 1, 3-1
plug cock, 3-15
pressure losses, 3-16
table 10, 3-16
refrigerant, 3-15
relief, 3-16
service limitations, 3-4
table 4, 3-4
shut-off, 3-32
solenoid, 3-16, 3-75
special service, 3-16
stem operation, 3-11
swing check, 3-15
“Y”, 3-14
Vapor system, two-pipe, see fwo-pipe
steam system
Velocity, water piping, 3-21
tables 13, 14, 3-21
Vent, water piping, 3-31
Vent lines, receiver to condenser, 3-67
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Vibration
design consideration, 3-7
refrigerant piping, 3-70
remedies or repairs, 3-8

\\

Water conditioning
steam systems, 3-81
water systems, 3-20
Water expansion, 3-31
table 15, 3-31
Water hammer, 3-96
Water pipe sizing
closed system (copper), 3-20
chart 5, 3-24
closed system (steel), 3-20
chart 3, 3-22
diversity, 3-25
chart 6, 3-27
erosion, 3-21
table 14, 3-21
friction, 3-21
open system (copper), 3-20
chart 5, 3-24
open system (steel), 3-20
chart 4, 3-23
velocity, 3-21
tables 13, 14, 3-21
Water piping accessories
air vents, 3-31
gages, 3-31
expansion tanks, 3-30
strainers, 3-31
thermometers, 3-31
Water piping design
closed system, 3-19
codes, 3-19
connections to valves and fittings,
3-12
diversity, 3-25
erosion, 3-21
expansion, 3-4
fittings, see fitiings
friction loss, 3-21
materials, 3-1
table 1, 3-1

“Y*” valve

Water piping design (cont.)

once-thru system, 3-19

open system. 3-19

pump selection, 3-30

recirculating system, 3-19

return arrangement, 3-19

service limitations, 3-4
table 4, 3-4

supports (ccpper), 3-6
table 7, 3-3

supports (stzel), 3-6
table 8, 3-3

valves, see talves

velocity, 3-21

vibration, 3-7

water conditioning, 3-20

Water piping layout

air washer, }-38

closed expar sion tank, 3-44
coils, 3-32

condenser, 3-34

coolers, 3-34

cooling towers, 3-36

drain line, 3-40

expansion tznk, 3-40
multiple air washers, 3-39
multiple coils, 3-33
multiple condensers, 3-36
multiple cooling towers, 3-37
multiple pumps, 3-40

open expansion tank, 3-41
pump, 3-39

sprayed coil 3-39

Y

bonnet and hody construction, 3-10
disc constru:tion, 3-14
material, 3-
table 1, 3-1
pipe connections, 3-12
pressure loss, 3-16
table 10, :-16
service limitations, 3-4
table 4, 3-4

stem operation, 3-11







