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1 Pumps and Turbines

The work horses of refineries and chemical plants
are pumps—mechanical equipment used to propel
liquid under pressure from one location to another
through piping. In process plants this liquid usually
is moved from one vessel to another, increasing the
liquid pressure as it circulates through the pump.
Pipe lines, transperting fluid for miles across the
country, have pumping stations every few miles to
boost the liquid along its way.

Turbines are engines or motors driven by the
pressure of steam, water or air against the curved
vanes of @ wheel or rotor. Process plants often use
steam turbines to drive pumps, although electric
mators are more common, Steam-driven turbines
are adso used for generating electricity. Huge gas-
fired turbines are specified for electrical generators
where fuel gas is inexpensive.

Pump Types

The three basic pump-types are centrifugal,
reciprocating and rotary. Centrifugal pumps com-
prise over 90% of process pump installations. They
have proven to be the mdst economical in service
and require much less maintenance than the others.
Centrifugal force creates the rise in pressure used

co move ltiquid by forcing it into a rotating impeller

and literally throwing it out the discharge nozzle

1

producing a smooth, non-pulsating flow m the
piping system. _

Reciprocating pumps have plungers that go back
and forth like a car’s pistons to displace liquid,
forcing it violently out of the discharge nozzie.
These pumps operate at a much lower rpm {rounds
per minute} and each pluager’s thrust causes a
puisation in suction and discharge piping.

A common piping error is the assumption that
the discharge line pulsates because the pump is
pushing pulsating liquid into it. Actually, the pump
i taking in liquid at the same rate at which it is dis-
churging liquid, and by the same reciprocating ac-
tion; thereby causing the suction line to pulsate too.
This pulsating action causes the piping to jump,
sometimes several inches, and if not held down, it
wiil eventually fatigue., Rpm and pulsation rate vary
with each service, but whether the pipe jumps twice
a minute or 100 times a minwte, the designer must
have hold-downs installed at regular intervals to
dampen pulsation. Distances between hold-downs
should vary with pulsation intervals and line size,
but all elbows within 10-ft. of a pump must have
them. Hold-downs must be closer together for
smalier line sizes.

Rotary pumps are used for moving extremely
heavy or viscous commodities such as grease,
asphalt, heavy fuel oils and sometimes heavy crude
oils. Instead of centrifugal force or reciprocating




2 Process Piping Design

action, rotary pumps use various mechanical means
to move liquid. The three main types of rotary
pumps are gear, cam and screw.

Pump Performance

Pumps are installed to perform a certain job,
moving liquid of a certain specific gravity a set
volume at a specific pressure. Voiume is usually
expressed as gpm (gallons per minute). There are
many other ways to express this measurement.
Table 1-1, defines other volumetric quantities and
supplies equivalents for gpm quantities.

Pump performance is usually specified in feer of
water head (See Volume 1, Chapter 2). This is
converted to psig {pounds per square inch gage) by
multiplying the liquid’s specific gravity by the
expressed head and dividing by 2.31. This formula is
expressed: ‘

. sgx H
PSig = 75777

If pump performance is expressed as psig,
conversion to head 1s made by:

_ psigx 2.31
H= s

where:
Hf = static head expressed in feet
sg = specific gravity of liquid

Brake horsepower is the amount of energy input
to the pump shaft. Each pumping service has a
required brake horsepower. ‘Brake horsepower is
based on the pumps duty and is calculated:

_gpmxsgx H
bhp = 3565 x pe
This might also be expressed as:

bl = bh x pdp
P~ 2450 x pe

where:
bhp = brake horsepower
gpm = gallons per minute
sg = specific gravity
H = head in feet

pe = pump efficiency
bh = barrels per hour
pdp = pump differential pressure (psi)

As an example, a pump moving 3000 gpm of
liquid at 0.62 specific gravity, 90% efficiency,
discharging 425 ft. of head will require what brake
horsepower? To solve:

_@mxwxﬁ
bhp = “3580 % pe

3000 x 0.62 x 425
© 773560 x .90

bhp = 221.8

Before specification of the amount of motor
horsepower to be purchased, the motor’s efficiency
must be known, In this case a 250hp motar would
probably be purchased.

Capacity, head and horsepower all change as
pump speed slows. Centrifugal pumps are often
purchased with oversized casings to allow for later
instaliation of a larger impeller to increase
throughput., With each pump purchased the
manufacturer supplies a performance curve for that
particular model. Most curves are expressed in feet
of head of water (which has a specific gravity of
1.0). The numbers given must be multiplied by the
specific gravity of the pumped liguid.

Centritugal Pumps

Centrifugal pumps have one fault—they must
have flooded suction. At no time should the piping
allow any way for air bubbles to enter the pump
casing, Suction piping must flow continuously down
from an overhead source, never rising beflore
arriving at the suction nozzie. The only exception to
this rule is when the pump is moving a sub-cooled
liquid, one that has been cooled considerably below
it’s equilibrium point. Even then, it is better to avotd
vapor pockets in suction lines.

Vapor in the pump casing due to poorly designed
piping can cause cavitation, displacing liquid from
onc or more arcas of the pump and unbalancing
it—reducing its efficiency. The vapor offers less
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4 Process Plping Design

resistance than the fluid being pumped, the impeller
will not turn smoothly and uneven resistance may
set up a slight eccentric rotation. Eventually, this
will wear out bearings and seals and necessitate the
shutting down of the pump.

There are three basic types of centrifugal
pumps: horizontal, vertical in-line and vertical can.
In each case the name of the type refers to shaft
location. Horizontal pumps have horizontal shafts;
and this type is the most common. Vertica! in-line
pumps are gaining popularity. This pump is called
in-line because it is installed in the pipe line as a
valve might be. Pumps with motors of 25hp or less
can be supported by the pipe and dummy supports
reaching to grade or floor. Larger pumps need a
small concrete foundation. The vertical can type is
specified when the NPSH (net positive suction
head) would be inadequate for other styles. NPSH
requirements for the particular pump and fluid are
supplied by the pump manufacturer and are often
expressed as feet of water. When they are the
NPSH shown must be multiplied by the specific
gravity of the liquid to be moved in order to make
sure there will be adequate minimum NPSH.

Figure 1-1 contains basic flow information
needed by the piping designer. Here an 8 line,
IO0A—8" Th, supplies suction to pumps P-100A
and B. The pumps have only 4" suction nozzles so
using an intermediate size gate valve (shown 6"} is
permissible to lower costs,

Suction Piping

Pump suction block valves must be one size
larger than the pump nozzie size but not larger than
fine size. The combination of 4" nozzle, 6" block
valve and 8" suction line follows this rule. If a 6"
nozzle had been used, the size of the block valve
could nor have been reduced and would have had to
remain at 8"-—equaling the suction line size.
Generally, suction piping should be one or two sizes
larger than the pump suction nozzle. An
experienced designer, seeing a suction line three or
more sizes larger than the pump nozzle would
question the line size. It is extremely rare to need a
10" suction line for a 4" pump nozzle. It might be
necessitatied by the pump’s having a very long
suction line, which is to be avoided. Sometimes a
unit charge pump is placed inside a battery limit
taking suction from a booster pump in the tank

farm. To minimize pressure drop, a 12" line might
be run the several hundred feet to the charge pump’s
4" nozzle. But that would be unusual; normaliy,
centrifugal pumps are located very near their
suction source.

Figure 1-2 shows both a plan view and how (o
picture suction piping on an isometric spool. in the
plan view, line 1100 A—8" Ih goes directly to the
pump’s top suction. (The flow diagram, Figure -
I, shows an end-suction pump but the top suction
type is pictured in the pump outline drawing.
Horizontal centrifugal pumps are always shown as
the end suction type on flow diagrams.) The suction
block valve handwheel is oriented over the put,
Notice that the pump or driver is not shown. Only
the foundation outline, for clearances, and the
nozzles are important to the piping designer—so
they are all that is drawn,

The isometric view reveals that line reduction
takes place as close to the block valve as possible
and again as close to the suction nozzle as possible.
This is very important. 41l allowable suction piping
reductions must occur as close to the pump noz:ie
as possible s0 pump suction will not be starved.

Temporary Start-up Strainers

There must always be a temporary start-up
strainer immediately below the block valve to cateh
any debris left in the line and to prevent damage to
the pump. Afler the pump has run for several duys
the block valve can be closed and the strainer
removed, The most common strainer used is the
basket type (Figures 1-3a and 1-3b), however, flat,
conical and bathtub strainers are also often
specified. Bathtub strainers are also called T-type
because they fit inside a tee.

Conical strainers (shown in Figures 1-4a and I-
4b) are longer than the basket type and are often
difficult to insert in fitting-make-up piping. Flat
strainers (Figure 1-5) have 5/16" holes staggered
on 7/16" centers allowing only 46% open area and
hindering pump suction. A very small amount of
debris will restrict it even more. Flat strainers arc
usually specified for very short suction lines where
no debris is expected.

Figure 1-6a and 1-6b bathtub type temporary
strainer, is becoming much more popular, Whilke
more expensive, it does not require unholting and
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removing a spool piece to remove the strainer. Onl

a blind flange is removed to get to the strainer. Th
main advantage though,

Close Nozzies

The top suction, top discharge pump shown in
Figure 1-2 has one disadvantage: sometimes its
nozzles are so close together that piping larger than
nozzie size must he offset at the pump to keep
suction and discharge piping from hitting, Never
offset both lines. Never place offset elbows in the
suction line, causing added pressure drop. Offset the
discharge line, which ig smaller and hag more
ailowable pressure loss, either by inserting two 45°
ells for the required offset or, if the offset needed is
small, sometimes two eccentric reducers can be us-

ed, one in the suction and one i the discharge line,

Figure 1-2, P-100A suction piping. Courtasy of
“lior Engineers and Constructors, inc.

Y  with their eccentricities directed away from euct

e other.

is that straiper removal

r End Suction Pumps

In piping at end suction pumps (Figure 1.7)

Usually a conical
strainer will not fit beneath the valve into the elbow

basket or flat strainers are used.

80 a pup or spool piece must be inserted between 1}

installation to be sure a ¢
instalied.

Suction piping for end suction PUMPS must be
Supported. Figure [-7 shows the weight of the

suction line supparted by a base el

process pipe or fitting is not cut. Supports are weld.
ed to the OD. ’

Handling Hot Suctions

Figure 1-8 shows several suction line con.
figurations for top and end suction pumps. The first
and third examples are for use when the header go-
ing to the two pumps is at the same elevation as the
suction nozzle If the vessel suction nozzle is higher,

examples are for use with very hot, large piping.
Once the configuration selected passes a flexibility
check, an isometric should be made to aliow the
process engineer to check pressure drop. Quite often
adding elbows and pipe for flexibility causes more
pressure drop than is allowable. If & hydraulic check
Suggests a larger line size, flexibifity must be
rechecked,

For very hot suction lines, sizes 12" and larger of
carbon steel material or 8" and larger of alloy steet

t as possible
Piping. Spring-mounted
PUmMps cun be designed 1o allow varying lengths of
down-growth: but very little horizontal growth is
possible.

e
etbow and the weld neck flange. The pup’s length
will vary with line size but will average about 8. A
large scale layout should be made for each size

onical strainer can he

;A very
economical installation consisting of a screwed 1504
flange and a picce of pipe welded to the outside of
the elbow. This is called a dummy weld because (he
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Pumps and Turbines 7
PERFORATED BASKEY TEMPORARY STRAINERS
FOR 150 LB.-300 1B.-400 LB. FLAT FACE, RAISED FACE AND RING JOINT FLANGES
900 LB.-1500 LB.-2500 LB. AVAILABLE UPON SPECIAL REQUEST.
Series PB R/FF (Roised
and/or Flat Face Flanges)
for use with 150%, 300%,
and 8005 fonges.
14 GA. PERFORATED
SHEET BASKET
1/8" HOLES—33 HOLES
) PER 5Q. INCH -
& FOR STRAINERS
- 8* AND QVER T
4-1/8" x 3/4° “F----J---J L
STiFFENERS 87 TO 10° N . S I,
4 §-3/16* x 3/4* : =
$TIFFENERS 12° TO 16°
L 8-1/4" x 34
v STIFFENERS 18* TO 24
i Please
4 Specify
Dt l.ength
o FF & RF RJ PBS-1509
: PBL-2008)
y Pipe 300 {open area)
! Seyle Site 130 300 600 500 D2 D3 L T
; PBS 114* Iy" 3lg” 34" 2347 1347 3" 214" 14 Ga,
14 : PBRL. ... 1367 3%' 31/5-' 3le 2%41 15%’ %n 356. .
PRS. L % 31 alg” 4l alage | gag” 14" 215 "
POL. ... .. - a1 415" 414" 23 1 137 Lig” gl "
PBS. ... .. 214" 434" 415" 414" 394" a1 114~ 3 "
PBL...... 214" 454" 414" 414" L A I 4 "
PBS...... a* 5lz” 554" 544" argt | 23 g 34° "
PRL. ... 3 13744 554" 558' 4%1 2%~ g 414* I
PBS...... 314" 614 615" 81" 434" 314" 214" 5" ;
PBL...... 314* 6ls” 614" 61" 43~ 35 21g” 5147
PBS ''''' 4. 85 rd 67 » 7%' 5’/1’6' 3|"n 2%# 4|/§~ "
PBL. ... .. 4" 654" 814" 734~ A 3ig 2457 6 ‘
PRS. ... 5" 7L4” 8ig” g1~ Blog” | 434~ e Algr '
PBL...... 5" 744 817" 1" 6L | 4347 3" 7} )
?BS ‘‘‘‘‘ 6' 81 L4 95 » 10%' 713- 5; Ed 4- 61 » )
PBL.... . 6" Blg” 95" | 10y T4 | BT 4 4T 9
PBRS. . 8" 1037 | 1" 1234~ 104" | 14T 1 537 Bl .
PBL. ... 8 103" 111" 123" 1635 7187 1 53T =y ,
PBS. L. 10 i | 147 1517 © 12857 | 97 P o .
PBL..._.. 10* 131" 147 15147 12847 i 71 147
PRS. L 12" 15147 1845”7 173" 14%: | 10%g” ¥13” 12
PBL...... 12” 151¢% | 1634” 173" 148" | 101g" | 8137 16hg" )
PBs. ..., 14* 174" 181" 1915” 184" 124" | 101" 137 -
PBL...... 14" 1737 | 1828 | 1934" 1847 | 12357 1 104" 17" "
PBS. ... .. 16" 20% 21* 22" 18" | 1447 | 113" 14" "
PBL... ... 16” 20” 21" 20° 18407 | 14b47 | 113" 9 "
PRS. ... .. 18 2134* 234" 234" 0%~ | 163" 1 1314” 157
PBL...... 18”7 21dg” 2315 235" 0% | 18347 | 1313 21" "
PRS...... 26" 238" 2515" 26527 galer | 183" | 15" i L
PBL..... . 20" 235 | 2s5les | 2884% | 2gbam 18y | 1T 24% “
PBS...... 247 28+ 301" 30%4* 26357 1 ouigr 1187 2g°
PRL..... | 24~ 28” s0i¢* | 308" 26357 | B2kg” R M

Figures 1-3a and b. Perforated basket temporary strainers. Courtesy of Mack iron Works Co.




Process Piping Design

Side Suction Pumps elbow’ to allow the fluid to flow straight into the

pump’s impeller. The two-diameter pup can be
) . eliminated if the first elbow from the suction noxzlc

Side-suction pumps are selected for large duty is horizontal.
differential pressure {Ap). the pressure difference
between the pumps’ suction and discharge, and are . ..
usually multi-stage, the liquid going through several Pump Discharge Piping
stages of increasing the pressure before reaching the
side discharge nozzle.

Never connect an elbow-flange fitting make-up to
the nozzle of a suction line coming down to the
pump. Supply a straight piece of pipe two pipe
diameters long, between the companion flange and

Figure 1-9 is an isometric of correct centrifugal
pump discharge piping. Since there is a difference of
2 pipe sizes between line size and discharge nozzle
size, intermediate size chieck and block valves are
used. Note that the pressure gauge is located up-

PERFORATH}&ASKE'F TEMPORARY STRAINERS

FOR 150 LB.-300 LB.-600 LB. FLAT FACE

+ RAISED FACE AND RING JOINT FLANGES
900 LB.-1500 LB.-2500 tB. AV

AILABLE UPON SPECIAL REQUEST,

Series PH.RJ {Ring Jaint
Flanges) for use with 150%,
I00%, and 600 flanges.

aln

ANST
STD. RIMG

o[
= =Pl ReateD NoOT
Do 02 s TN Yy

- ]/ NOT WELDED

.!.::—sw-::-:ﬂ—%- -[—_—J - A[

See Tabular Chart On Preceding 14 GA. PERFORATED |

Pcege For Speciﬁcaﬂons SHE'ET BASKET ;

1/8"* HOLES *‘;
—33 HOLES =

PER 38. INCH (

FOR STRAINERS Tt {

"MAC-IRON" TEMPORARY STRAINERS ure of ‘ 84'{*\{8“?1%5? e e e
perforated plate or woven wite, oil availoble in STIFFE‘NQRS 8 0 19¥
plain or cadmivem plated corbon steel. Also avail- 63716~ * ;
able in staintess steel, oluminunm, beass, bronte, STIFFENiﬁ,S 12 IO t6

copper. manel metal, Hastefloy and titenaium,

Figures 1-3a and p continued.

8.1
STUFENERS 18° TO 247
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PERFORATED CONICAL TEMPORARY STRAINERS

FOR 150 LB.-300 LB.-600 LB. FLAT FACE, RAISED FACE AND RING JOINT FLANGES
900 LB.-1500 LB.-2500 LB, AVAILABLE UPON SPECIAL REQUEST.

a2

IMPORTANY

Wire conical strainers avail-
able in mesh size and mate-
rial to your specifications.

Series  PC R/FF {Raised
and/er Fiot Face Flanges)
for use with 1307, 00%,
and G00F Haages

14 GA, PLATE
PERFORATED WITH 13
Ye¥ HOLES

FER SG. INCH
' . Pleuse l
| Specify

D1 i | Length

FI' & RF RIS | PCs-1509, i

Plpe ) 30;}“#5 ({Jgéuz‘\urgeg@) e
Style Size 150 300 600 680 1 D2 L A

PCS..L L Ll 315 aLg” 3ig” I I UL Ga
BCLo.. 1lsn 31g” 35 g7 A Shg" P
rcs...o2” a4 q14” 4lg” ook Abgroo©
S N I A A y
LE? 5: . ::5” s:1/3_ 2;3: 2%4:: 514" "
i)cg i f,;/” ‘!')SR' 5:{5" "22\:!/1}"’ H (7:1/» ™
I'Ci 34 :’,Ii" ‘(":’/E' 558” ;‘!'ﬁr (;;"2 i
U . H H (' g 3

PCE) :s%m {}%a G)ﬂn S%n 314:: -‘v%k "
PCE....] 318 GLg” Glg” 6L Jigr 16* "
PCS. L 654" Gl | 74" 344 84" “
PCL.LL 4T fidg vy T34 3ig7 114 it
[’(_?f:,... 5” 7}5” 814" 9%: 457 014" "
ICh....| " 75 814~ 934 454" 14 -
I:g? o f:” g:g g;} fg%ﬁ :;: " 13~ “
) 47 - g S145% 17 "
PCs. L 8" 105 | 1iigr | 125k e 17 “
PCL.. ..} 8§87 103" 111" 12347 iy a3 o
IPCS. .1 07 133" 14 154" G* 2 "
PCL.,. ] 107 13157 14" 1514”7 o~ T "
PCS.. ..} 127 515" 1634”7 17357 1G5 ioo2aT v
PCl.....) 127 15%" 1 16dgm | 1734 037 | Grig .
PCS. .. 147 17L" 181g” 191" 1234 257 "
PE? [4” ig%" 18215~ 1915~ 1234~ 33 f "
PCS....| 16" 20" 217 227 1414 SaLgT "
PCEL_.. 1187 207 23 23~ 14lg” 39" [
PCS. L 18: 25;’/3: 3314: 23%‘: ifl‘v"g" 33~ ! *
§3CL‘,,,.. 18“ 2I/‘§- 22:3}{" 23:"/{;' 16357 4" Lo
PCS. ... 2(}” 23%~ .’2013” 2654 18347 37" b
PCIL .20 2334 2544 265" 1R3g” 167 g

PCS.. ..} 247 gnT Eontbg 074" LAY 47
PoL e 2 'l A S B ()54 e R ] _ "

Figure 1-4a. Conlcal temporary strainers. Courtesy of Mack Iron Works Co.
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“stream of the check valve. Check and gate valves  discharges (o prevent backflow into the pump.
~are flanged tpgether. causing the impeller to turn back wards and possibly 1
. With one pump running, the spare pump is ruining the bearings.
started with suction block valve open and discharge

block valve closed. The operator watches the

 pressure gage and when the spare pump reaches Pump Nozzle Ratings
“Operational pressure the discharge block valve is .
“Opened and the other pump’s discharge block valve Pump suction and discharge flange ratings are

Jis closed. After the pump is shut down, the suction normally the same. Pumps arc hydrotested 1o |
tvalve is closed. Pumps must never be operated with times their design pressure by their manufacturer,
“closed suction valves. The test requires not only the discharge but also the
. Cheek valves are installed in centrifugal pump  suction flunge to contain this pressure. Pump

PERFORATED CONICAL TEMPORARY STRAINERS

FOR 150 LB.-300 iB..600 LB, FLAT FACE, RAISED FACE AND RING JOINT FLANGES
900 LB.-1500 LB.-2500 LB. AVAILABLE UPON SPECIAL REQUEST,

D00 C O 00000 00N

ries PC-RJ (Ring
nt Flanges) for
e with 150%
3%, ond 600
Styg
Fider
S ,
w3 i Fp
; N -\‘\\. ; S ):
o \\;\ \'.\‘\ %’ h
A Wt : : A:
il P 1 ;, i FP
i 5o Y .
Y V4 ,
\,f,.// /// FP.
b ANS! ‘ pp
Thur - STAND! N A
. _-%__"_,,D_}M{S?H ROARD ®ING
i i1 REBATED NOT Fp.
I £ D2 i e
RING ~ b T LESS THAN 14 ¢ P
IR 9 --2%-- — e NOT WELDED .
T - ‘ pp Q&
F ;
‘\!\‘ ] : FF ::
§ } j ;I FP..
See Tabular Chart On Preceding P i ! —~
ooy N
Page For Specifications 14 GA_ PLATE | -
ERFORATED WITH 33 EL.
TREAZURCMN"  TEMPORARY STRAINERS are of P 0‘,2" HOLES ; -y c
perforated plate ar woven wire, gll ovgiloble in PER SO INCH y i P
plain or codmium plated carbon steel. Algo avgil- f ! Fp C
oble in stoinless steal, aluminum, brass, bronze, ?P.Q
copper, menel metal, Hastelfoy and titanium, SERIES PC-RJ E
ure 1-4b. Conical temporary strainers. Largg,
Figuim,
v
Qw

<
¢
. e
&
<




Pumps and Turbines 11
FLAT PERFORATED STRAINERS

FOR 150 1LB.-300 LB.-600 LB. FLAT FACE, RAISED FACE AND RING JOINT FLANGES
900 LB.-1500 LB.-2500 LB. AVAILABLE UPON SPECIAL REQUEST.

T
i
RAISED FACE :
Series FP, F-RJ, and F-FP
for use with 150¥, 300%,
and 600% flonges.
SERIES FP
'%“"‘T

REBATED NOT LESS THAN 147 [
. NOT WELDED &y

REVOLUTIONARY P
CONSTRUCTION T it ,- z
Flange deeply rebated into ring joint ) | J
gasket under pressure for tremendous ’ ot e @2
strength and prevestion of deformation, ANSI
Smooth, accurate contaurs . . . ne wald SERIES F-RJ STANDARD
“blob™ around ring edge. / RING
RAISED FACE FLANGES - RING JOINT FLGS.
156 Lb. 390 Lb. 3006 & 600 Lb. 960 Lb.
Pipe :
Seyvle Size D1 02 T D1 D2 T Style Di I T Di T
. Fro.o... 1T 2y 1344 14-USGA 3" 13" 11-USGA FR} ZheT J 1-USGA 24" 11-USGA
L B 5. A 3 Vo 134" " 347 114" “ FRJ 234 i “ 235" ‘!
S N A " 447 | 27 “ FRI [ o2age e 354" .
;;I; o 25/2‘3 458, 2%; [ 4%# 2%’ « FRJ 3.;{5' ‘[ " 313/‘/6# T
["f’ R :;, 5;/,&.- 3 o 5%~ an L FRJ 4%" |< () ‘;7/{6” "
FI . 3447 647 aw” " 614" 3" * R} §3¢" “ 434 “
FP.‘., o 4# 6%# 4.! L] GT/S‘! 4'7 41 F}{J 51/{6' i 1;131 "
FPo...... 5" YR AN 13-USGA 84" i “ FRJ Gll” " BiLL” "
Fp. a" 8%' 5’ P 9%' il ir {;R} 73/8' 1 7%# 2
O SO B - 14 Lod" 1 g” « 11147 | 8" 11-USGA FRJ 1036~ H 103" v
Fpo R 13%, 107 m 14* 167 £t I-Rj 12‘%6' +e 125/{&' 4
FPo 127 15257 | 127 11-USGA | 1834% | 127 “ PRI | 14547 | " 14%" “
FEoooo 0 14" 17%.' 13%; m 38%" 13%' W FRJ 164" " [5%' "
i dois” o0 15%' " 21 15%” I FR} }.83/1’5‘ +8 17%r e
8 L 18”7 2187 ) 17 « 2347}t H FR] 200" " 204" "
FPo. ] 2o 23347 1 19”7 “ 5547 1197 " FR]J 22" ] " 223" “
FP.... . P47 |2st | 237 . 30" 1 a3t " FR] | 26%" “ wmhy "
i

Larger sizes {above 24") and other plate specifications available upon application.

Figure 1-5. Perforated flat-type temporary strainers. Courtasy of Mack lron Works Co.
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BATHTUB UNIT TEMPORARY STRAINERS

STRAINER AVAILABLE SEPARATELY OR AS A COMPLETE UNIT

1/32" WIRE #10 MESH 45°

QVERLAP
& SPOT WELD

Y0 ROD
WELD 00

Q
f\

: o @ s
T T SO pp——; o

ks

NOTE:
QUICK OPENING
TOP AVAILABLE
UPON REQUEST

I3

WELDING NECK
FLANGE—OPTIONAL

et ks s
Q-Lf. Jf,m_;r*m_,rn‘i“fu FLANGE
i : {WELDING
iy N

f

3

ECK
FLANGE

H

DETAIL "4 A i -
T = .

ROD SI2E < W
REINFORCE END OF ScREEN 3 i
BY SPOT WELDING wiRES et

L TOGETHER W =
SEE oo BATHTUS | <.
CLOSED END © DETAIL 4 Loyl e ! |
" i;L___ii{;:;%';;' | (=
WELDING NEEK ! |
FLANGE—-0 D <
* ROD GUIDES
SEE ROD si7F c %
- !
& .
o 1y
Drain ol
Plug |
-,
BY-F UiT BY-W UNIT
For Flange Connection For Welded Conraction !
300 LB, 150 LB, 300 LB,
L D L D L D ;
1015 ¢ 844" 5 53" 5 614" ?
12* 7° 6* 6ig” 5 7* =
13+ 7%5° 1784 THe" 63" (M :
e g || s | sk 10 j
1 . ’ [+3 r [} /! r i
19* 1094, 7 1154 935" 11 10884
223" 13 147 12347 14° 137
261" i5* 17’ 1311, | v 15¢
301 1788 20" 1587 bl 1714
33y 183+ 22+ 1785 22 183
a53¢- 20% 247 18%4* 24" 267
39ise 2214" 27° 20¥," ar” ey
4235 2314 30" 228" 306° 23347
Other mesh specifications availabie upon appilication.

Figures 1-6a and &. Bathtub-type temporary strainers, Courtesy of Mack lron Works Co.
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Pumps and Turbines

BATHTUB UNIT TEMPORARY STRAINERS

1

3

156 Lb. 308 Lb.
Schedule
Pipe Size of Plpe L w D Rod Size L w D Rod Size
0 P 185 " 14" 1T T 11, vz -
2 80 Btbey” l‘i/%q’ l’éi' ﬁ' &’2-' 1‘%.' i.‘fét' b
2 1 ol o : gidv e s [
40 Bliqg" 25447 1T4,” §' Ti4," 2845” 12447 te
2357 & S R tH L o 1o 44 1 i
16¢ B4, 2 134 H* TLAe" 2 154" £
3 40 M a4 5 04 Fo 8 Pt 1504 M
&0 T, EIY N R £ A B T 2% 134, e
prwn e TV P P vz I ey = e
3 80 HvA 37 1347 i Vi ¥ 154 i
T 10 9347 355° 234" 0y s IL” 2177 e
4 : 3t Bige P 914 3igq 233 e
126 8134," 355¥ 28447 Hr P 335" I [
- 40 1080* 34, 2744 g T T ateg,e 214* g
5 80 1045 il 264" g 1’ 4tigge 2i4e ige
20 100 7 ity he 10130 14" e e
R 10 12347 Bthd,r 385 14% i 1314 5igg,. 3147 1214
e 80 £2- 57" 3ig O BT 5ags 33d° i
126 113" E 35 i Poazige 5Er 355" e
- T 15¢ T, 35 1y ; 1535 ! T13q," Ve g
s 16 1415, Tidig $54e* LS B 119 TR 434, iy
0 11sdee i 4,13. i i 15034 | 71% Qe "
120 MG Fige" 3t44s" E*EO S ] A 754, ER A ey
- 30 1700," 10° 574, - i 1824, 10 514" g
10 17557 835" v A B Ty 934" 557 iy
g &0 1" Gag” 51 g 18> ahq" ST 1g”
80 17T 9T, 51ge S B ¥ T4 5 e 514° A
120 17- 51344 HA AT RS £ 42 Bbgyr 454" iy
- 0 20457 1154, 8% 1 24347 11134," 614" 15
g 2015* 115" 8Li* iir Brige 75 sy i
12° 40 207457 Titd{,” Bi4g" 1% § 2104 " FLitL,” G447 e
o 26 145 6377 i 21” 1o 6157 i
& 2034 1 e i , 204, i BEAe" Bge
120 3 10is- 5507 L el 15 257 e
o 10 22Eg” 124" T 157 L
140 OB 20 22114, 15 734, [t f 235, 135" 73 i
el 2244 FET T L : B3 7 M-
10 248¢" 15857 | o - N
16* 0D 20 24i50,” 154§ Br,” ig i 1334 B34, Wy
36 2455~ 15457 a1 LN : LBk 815" -
T 19 2734 1y 934 e ! . .
[E3EN 6] 30 WL 17" NP g SRt 1T 03447 M
Ty 3745 17 a1 g : 1734 a4;” 14
19 3074," 191" i L
0 3054, eyt n . 19" 103" g7

Figures 1-6a and b continued.




14 Process Piping Design

—=——SUCTION FROM OVERHEAD SOURCE

Za—SUCTION BLOCK VALVE
INSTALL TEMPORARY PUMP SUCTION

AT AU o BT S T o S S S AL T

¢ PUMP SUCTION STRAINER HERE
NOZZLE REDUCING ELL PREFERRED IF PUMP SUCTION
- NOZZLE IS SMALLER THAN LINE SIZE
[ ] BASE ELL SUPPORT TO KEEP WEIGHT OF )
L ZCONCRETE PUMP FON. T PIPING OFF OF PUMP NOZZLE ‘

H.P PAVING OR GRADE

END SUCTION PUMP ¢
K
¢
IF HORIZONTAL REDUCERS ARE ¢
USED AT PUMP SUCTIONS, USE
ECC.,FLAT ON TOP c
.
¢ PUMP SUCTION .
NOZZLE -

¢
; .
.
END SUCTION PUMP c
NOTE: ¢
A.PUMPS TO BE LOCATED CLOSE TO THE VESSEL FROM WHICH THEY ARE _
TAKING SUCTION. KEEP SUCTION LINE SHORT AS POSSIBLE. ¢
B. SUCTION LINE TO FLOW CONTINUQUSLY DOWN FROM VESSEL SUCTION e
NOZZLE TO PUMP SUCTION NOZZLE DO NOT LET THE LINE GO UP THIS ”
WOULD FORM AN AIR POCKET WHICH WOULD ACCUMULATE AN AIR <

BUBBLE WHICH COULD BE FORCED IN THE PUMP AIR IN PUMPS CAUSE
CAVITATION™ WHICH DAMAGES THE PUMPS. ¢

C. LINE REDUCTIONS ARE TO BE MADE DIRECTLY ON PUMP NOZZLES. DO NOT
CHOKE "ANY PUMP SUCTION, .
.
.

Figurs 1-7. Fiping at end suction pumps,
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Figure 148 Pump suction configurations. Courtesy of Fluor Engineers and Constructors, inc.
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16 Process Piping Design

suction piping may have 1504 flanges, but often a
higher rating flange—equal to the discharge piping
rating-——must be connected to the pump nozzle.

Inline Pumps

[f inline pumps can perform as required, they
should be specified. Inline pumps constitute the
most economical pump installation and, because
they are designed as an integral unit, pump and
driver alignments are not affected by small piping
maovements.,

Figure 1-9.

Pump Outline Drawings

Piping designers are alwavs in need of pump
drawings before receiving certified outhine data.
Figure 1-10 shows a cutaway view and defines the
parts of an inline pump.

Figure 1-11 shows pump types and dimensions.
Figure 1-12, outline drawing-infine pump-type INI,
supplics the same data,

Figures 1-13 through }-16 shuw pump perfor-
mance curves for ialine pumps. To find the perfor-
mance curve for a particular pump, see pump size

P-100A discharge piping. Courlasy of Fluor Engineers and Constructors.
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256
167
111

744-1
Sl

33
S-88
525
236
742
= /44

' ; 230
217
— 176
' 1267
. 4 1

SEAL PARTS
{FOR BORG-WARNER "5” SEAL SHOWN)

iITEM NO. NAME OF PART
5-1 SHAFT SLEEVE
S-3 DRIVE PIN
*5-4 U-cup

S-11 SEAL FLANGE

*S-13 SEAT GASKET
*$-14 STATIONARY FACE
*S-15 ROTATING FACE

5-16 COIL SPRING

S-18 SEAL FLANGE GASKET

5-24 SEAL FLANGE BUSHING

5-25 KEY

5-60 U-CUP FOLLOWER

5-88 GUIDE PINS

CITERM NO. NAME OF PART
=3 PUMP CASE
E - 52 COVER — PUMP
N R GLAND —8PLIT — W/BUSHING
TV SHAFT — PUMP
BT IMPELLER
05 WEAR RING —CASE
207 WEAR BING < COVER
217 SHAFT SLEEVE — PACKING
2171 SHAFT SLEEVE —SEAL
T *230 THROAT BUSHING — PACKING
| 232 THROTTLE BUSHING — SEAL
{236 CAGE RING
248 WASHER — IMPELLER CAP SCREW
256 SPLIT RBING
267 LOCKSCREW — IMPELLER
525 COUPLING — SLEEVE TYPE
{ 676 KEY — IMPELLER
. 6761 KEY — COUPLING
742 PACKING
“744 GASKET — CASE TO COVER
7443 GASKET — SHAF! SLEEVE

‘RECOMMENCED SPARE PARTS WHERE APPLICABLE,

Figure 1-10,

‘RECOMMENDED SPARE PARTS
WHERE APPLICABLE.

SEE MANUFACTURER'S DRAWING
FOR:

JOHN CRANE —TYPE 18 & 9B.
DURAMETALLIC — TYPE PT & PTO.

Sectional drawing of inline pump, Type IN. Courtesy ol Byron Jackson Pump Division.
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| r ‘—E

E . Disch. Fig. 1

Suction Flg. o
3007 A SA. Sid. 300= AS.A. Sid. [
2{‘ R‘F‘ s R.F.
Cast kron Cast tron: 2504 ASA Sid, F.F. c
2508 g v[
ASA std, 4 Suet. ¢ Disch, .
F.E. o
.14 NPT
gauge Recirculation Line »5 C .0
connection

Furnished with Mech, Seg! anly

H

L [@]]

7" dismantling e HOPLL L RPA
height (MIN)

(07 P.T Vent or 18D% oot

LA BN AN 4
m-fmm

0

/8

|
‘j
% - 14 NPT Drain (Seal} | Order e
@ 15° From ¢ .‘ Job
14

¥ - T4 NPT Quench of
180° From Drain,
Furnished with Mech. Seal

| )|

2% or 4%
' . 14 NPT Cover Drain i 1 ) ’
30° From Suction ¢

+

o
o 2%
| ' ,\"l ¥t - LA NPT Water Jacke
_ TL N f < Conn. 2 at 180°,

’ . ' Cust,

0

@ THRUST RATING

; Item . __
§
i
I

o0

)

N

"

€
P
§

N -
i ¥ < 14 NPT Shuffingbox E
c Conn. 2 ot 180 (For Packing &
only). e
i 2% | 4 E
H-14 NPT (Drain) SHAFT| SHAFT C
@ Yaries with motor’ SETENJEXTEN, E
_PUMP SIZE IWEIGHT | A B C D l o o
L] Packing 6-% x % VX hax7n | 165 TIRT R Ty \E
2x3x7% |93 T T R AR &
MECH. SEAL- 1ix2x84% | 275 [ 5] SRREANES '
O 8ws-1750 WT .“55_2.%%%““.,‘_%.._4_;{: e T g GE
[l OTHER Ix4x84 | 3o how o 5T e j
- 4x6x8Y 467 |13 oM s ey -
Approved for M x2x104] 330 o . g‘“‘*f e @J
construction ___ _ P mﬁ* A“?S? ol o *451"" M?“Eiéw mw?é,"i -
3xdx 0% a3 i e 5’*”?‘[*“7?’2" 6k wj

Figure 1-11.  Outiine dimensions of |

nline pump, Type

IN. Courtesy of Byron Jackson Pump Division,
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A —tg—— B
; Suction Flg.
300% AS.A, Sid. Disch. Fl
a W RF. &};NT’O& 300% ASA. Std.
Caost bron —\ K R.F.
» 250¢ ; )7(\:\ Cast Iron: 2504 ASA Std. F.F.
;S: Std: Ct_ Suet, 't S ¢_ Disch.
5
’ %14 NPT ) 4
" gauge ~ay30° Recireulation Line
connechion % OD
4
e i ‘ @ VENT Motor
; é Y14 NPT
E |
Lol 7" dismantling H.P REM
‘ height {MIN} PH. cy v
r 1 £R.
: ¥ Y
:-& : i Cust.
? L Orlder
g @ J Job
f‘ | ftem
i I I up
@ THRUST RATING ... (] Down
1 f
; Seal quench H ! K or 44
g ¥i-14 NPT in & out T
G 307 from horiz ¢. 1
g ; \x h i
i c ‘
E X . %-]4 NPT (Droirs) 2% " A"
@ Varies with motor SHAFT{SHAFT
EXTENJEXTEN.
| PUMP SIZE [WEIGHT] A B C ) D
T x1iax74 | 150 73 74 3%, 7 o
2 x 3 x 7% ’75 9'/2 @ 4% 8‘3{5 10?{5
MECH,
SEAL 1Y x2x 8] 250 g gl i% 74 @
U 8w 51750 %386 375 o | 9% | 4% | 7% | 9%
(] OTHER - 3xax8i 306 Jov [0 | 5% | 7% | ou
A 4x6x8n | 425 3 Nk | ¢4 | 74 9%
Approved for <22 104 360 [10_| 9% | 4 | 7% | 9%
i Z2x3x10% | 325 [0 |10 4y | 7 ] . 9k
Ix4x10K a75 2 114 54 7 24

Figure 1-12. Qutline dimensions of iniine pump. Type INi Courtesy of Byron Jackson Pump Divison.




20 Process Piping Dssign

and type listed in each drawing. For instance,
Figure 1-13is for a size | x 1% x 74 L. This means
the casing has a 1™ discharge, 14" suction, a 74
impeller maximum case size and is a lower pressure
design than the H series,

Horlzontal Pumps

Herizontal centrifugal pumps are specified for
duty bevond the inline pump’s capacity. This type
fus been used for many years while the inline design
is relatively new, and many people specify horizon-
tal pumps when a less expensive inline would do the
Jeb. For this reason pump manufacturers make
horizontal pumps to fil] the same duties as the inline
design.

There are many types of pumps manufactured.
Some have a single-stage, but heavier duty ones are
of multi-stage design. Suction and discharge nozzles

may be located on the top, side or end of the cuse,
High-stage pumps often have side suction and side
discharge. Single-stage pumps usually have a top
discharge set to one side of the ptmp’s centerline,
Suction nozzles are located at either the top or the
end at the purchaser's option. Prior to final pump
selection, the piping designer should do enough
preliminary layout to determine the best location
for the suction nozzle and inform the project depart-
ment.

When three pumps are used for {wao separate
puinping services, the middle pump is called u con-
man spare. Top suction nozzies always simplily
common spare piping. Since the common spure
serves two pumping services, ig capacily must he
cqual to the greater pumping duty. So the commuan
spare pump will be identical ta the larger pump

End suction pumps. have one great advan-
tage—suction piping for them can easily be sup-
ported, taking dead load off the pump casing. Also,
hot piping expansion can often be directed away
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Pumps and Turbines 21

fromi the pump, thereby relieving the casing of ther-
el g,

Fizire 1417 shows the pump, coupling and motor
drrver all mounted on a common base plate. This
couphing has @ screened coupling guard o protect
pecsonnel from its high speed rotation. Note that
e mator and pump are individually supported
frar the buse plate, requiring periect alignment to
Leep the drive shaft straight. Also note that the case
i supporled from the center, allowing case expan-
st 1o po cither up or down from the shaft. A hot
dud ntraduced into o bottom-supported case, will
et growth wpward, causing the pump shaft 1o

Suy shalt wmovement—which may contribute

sanselignment-—is 1o be avaided,

Pivure B8 allows a quick, preliminary size selec-
s far g commondy used pump. Whea a designer
ctowes the pump capacily and head he needs, he can
chodse wopuinmp size, refer to the catalog outline

Figures 1-19 und 1-20 show part numes and con-
struction details of the sizes listed for Type S
pumps, Detail 4 shows the fan-cooled bearing
design suitable for fower-temperature operation.
and detall B shows the water-cooled bearing design
used for higher pumping temperatures. The water-
cooled model requires a circulating cooling water
system in which water enters the bottom-tapped
connection and exits the top-tapped connection.

In the main view, no bearing cooling is shown. It
would be used for very low pumping temperatures.

Figures 1-21 through 1-28, show dimensional
duta for top and end suction pumps hased on pump
size selection (fron Figure [-1RY, driver aive and
type, These determine motar frame size which in
tura sets base plate dimensions, Although itens P-17
18 noted us o 37 pipe tap gage connection on t
discharge nozzie, it is not normally used [or the PI.
B is generally afireed That this close to the impeltler
the flow is wo turbulent to give a dependable
reading. This pump connection then should not be

he
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22 Process Piping Design

tapped and the pressure indicator should be located
in the discharge piping, upstream of the check valve,

Item P-6, pump casing drain is tapped. Piping
should supply a vaive and a line to a drain funnel
focated near the pump. Item P-7, base plate drain,
must have piping to route these drips to a funnel.

Figure 1-29 shows top suction and top discharge
pumps and their related piping. Here the designer
had seven different pumps, pumping services and
duties. Note the different motor sizes. To present a
good appearance, all pump concrete is identical end
lined up. Pump base plates were specified the same
for all pumps. This made bases overhang smaller
motors as shown by the pump in the foreground, but
by lining up the front and back concrete, un-
derground electrical power stub-ups and motor push
button starters are lined up, Drain funnels are lined
up at the pumps’ {ronts, to make drain piping less
expensive. The extra cost of extended pump bases
and concrete is offset by the reduced cost of drain
piping and a better-looking installation. Drafting is

simplified by having one drawing for all seven foun-
dations, and the concrete forms may be reused.

Vertlcal Pumps

Vertical pumps, also called the can type or barrel
type, are used when available NPSH is very low.
The cooling tower water circulating pumps are
usually vertical type with an _lectrically-driven
operating pump and a steam turbine-driven spare.

Figure 1-30 shows a complete vertical pump in
the foreground. In the background three eleciric
motor driven vertical pumps are mounted on a cool-
ing tower sump, taking suction from below grade.

Figure 1-31, showing the parts of a two-stage
pump, items 176 and 176-1 are the two impeliers.
These pumps are available in various numbers of
stages (a five stage pump has five impellers, etc.)
depending on their specified duty.
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Pumps and Turbines . 23

When locating vertical pumps, the main concern
should be accessibility for maintenance. There must
be arcas above the pump left free of obstruction or
overhead piping must have break-out joints or
flanges for dismantiing. Access must be provided
for a small crane or Austin-Western to pull the
pumnp up so it may be taken to the shop for repairs.

Turbines

Although there are many types of turbines—{rom
the gas-fired turbines which drive huge compressors
and generators to the smaller steam-driven turbines
used us pump drivers, this section will deal only with
the latter.

Figure 1-32 shows the inside construction of a
turbine. At the top of the case are two connections.
Directly on the center s a tapped hole for an eye
holt used when lifting the turbine. This tap does not

I: EYRON JACKS OGN UY Ay
pe=- N

Figure 1-17, End suction horizontal pump.
Courtesy of Byron Jackson Pump Division.

penetrate the case. The other connection is for a
sentinel valve which is shown and furnished with the
turbine. Sentinel valves are often mistaken for refiel
valves: but they ure too small to relieve over-
pressure. A properly sized reliel valve instalied on
the exhaust syslem‘is necessary to protect exhaust
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Pumps and Turbines 35

prping and the turbine casing. The small sentinel
valve, whistling to signal overpressure in the cusing
only serves as un alarm. Never depend on this valve
1o protect the turbine,

Figure 1-33, shows a YR turbine with lefi-hand
exfuiust. Turbine inlets are usually on the right side
fucing the governor end: the purchaser can select
cither right or left-hand exhaust to best suit the ex-
huust piping sysiem. This means the piping designer
can place the exhaust connection either on the same
side as or on the opposite side from the inlet.

Generally the opposite side location results in less
piping congestion.

inlet Piping

Steam inlets are furnished with strainers as part
of the turbine for protection against large particles
of scale, welding beads or other debris, Inlet piping
must be designed with a breakaway piece to allow
strainer removal,

Supply steam should, at alf times, be moisture

Figure 1-29. Pump installation. Courtesy of Byron Jackson Pump Division.
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free (completely vaporized). Liquids entering the
turbine while the rotor is turning will severly
damage the blades. Since turbines are usually on
stand-by service, special arrangements are
necessary to keep the system moisture free when not
operating,

The two basic turbine installations are manual
start-up and automatic start-up. The manual start-
up will have a standard gate valve in the steam supp-
ly near the turbine inlet, Immediately upstream a

steam trap should be located 10 drain off any con-
densate which forms. The gate valve is normally
closed, with live steam upstream. If the operator
needs ta sturt the turhine hecause the electric mator
pump has stopped, he needs to get back on stream
as soon as possible. A moisture-{ree inlet allows the
operator to start the turbine immediatiey by open-
ing the inlet gate vaive.

The automatic start-up is accomplished by a
motor-operated conirol valve installed in place of

“TYPE KX
16" to 567
to 40,000
to 500°

1o 1760

o . pump sizes

© . CAPACITIES IN G.AM,
" TOTAL HEAD IN FEET -

L SPEED-RPM.

* TYPES'OF DRIVE

Figure 1-30.

VERTICAL CIRCULATING PUMPS—TYPE KX-RX

SINGLE OR MULTI-STAGE TURBINE TYPE PUMPS FOR
MEDIUM TO HIGH CAPACITIES AT HIGH EFFICIENCIES

TYPE RX
16" to 94"
‘to 130,000
1o 250

10 1760

Motor or R'ight,m;gie Geor =

Vartical pump installation. Courtesy of Byron Jackson Pump Division.
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VERTICAL CIRCULATING PU.MPS~YYPE KX & RX

I T

SECTIONAL DRAWING — OIL OR FRESH WATER LUBE — MULTI-STAGE

SPLIT Rt T'7346-23 OR COUPLING Prii(* 5333
LY

FOR PRadhs Si2€ - KL 8RN I6TY poRy

PERFORMANLE .

REQUCE RATING SHEET
EFFICENCIES AS FOLLOWS
ZSTAGE ~REGUCE 2 FOMTS
533 3 STAGE -~ REDUCE it POINT S
4 STAGE ~ REDUCE 1 POINT S
58T AGE - REDIKE B PONTS

ot Dy SO0 Y GkAL LOLUN

B ALET O

> Pl net - NAME OF PART
76 1TOP CASE
TA ISERES CASE
A6 ISUCTION | BELL
GO IBEARING — BOTYOM CASE
1it JGLAND
167 ISHAFT
> (7S IMPELLER — 18 ST¢;
4835 i T76- IHMPELLER — ohk ST
; 226 ITHRYSY CORLAR-WPELLER — M GTG
&H i 232 ITrROTILE. BEARIG
3 243 [BEARING — SERES CasE
323 . 244 [SAND CaP
aG1 256 ISPLIT  RiNG — IMPELLER = 18T §YC
: 256-1SPLIT  ANG —WdPLILER — oW STG
405 : 256-2SPLIY  RNG — GRWE ~ COUPLING
393 [COLUMN BEARNG - TEE
@\ 156 [COLUMN BEARING ~ PLAIN
SERS 397 1TOP CASE  BEARING

400 ICOLUMN _ SHAFT —BOTTOM

76 T 11 K 401 ICOUPLING — COLUMN SHAFT
H 404 JHEAD SHAFT
242 ——— L 77 . 405 INNER COLUMN ~ CORKECT iING T Pk

4 14 INNER COLUMN - UPPER
415 INNER COLUMN —~ INTERMEDIATE
420 [OUTER COLUMN~INTERMEDIATE
424 IHEAD NIPPLE .
) 465 IDISCHARGE ELBOW
\ N : A73 [TENSION NUT
A 80 [PACKING _ RING
492 ITENSION  PLATE
579 [COULPLING ~DRIVE HALF
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676 KEY — WMPELLER— 1 574
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Figure 1-31.  Vertical pump parts. Courtesy of Byron Jackson Pump Division.
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Figure 1-32. Cross saction, Type YR turbine. Courtesy of Elfiot Company.”~- -

TLfe

Figure 1.33. Turbine, Courtesy of Elliott Company.

the manual gate valve. Should the operating pump
fail. an impulse line opens the control valve, supply-
ing steam to the turbine immediately. With this type
of installation, steam traps are supplied at every low
point in the inlet system to immediately collect any
condensate which may form.

For both manual and automatic start-up, steam
traps should be provided to keep the turbine casing
free of condensate. These can be installed either at
the casing’s low point if a connection is provided or
on the outlet piping if the casing drains into the out-

let system. There must be a trap before any vertical
rise which would form a pocket where condensate
would collect.

Inlet By-pass

All automatic start-up turbines need a 1* globe
body valve to by-pass the control valve, Many
operating companies insist on the warm-up by-pass
even with manual start-up. In both cases, the |7

Lt




Pumps and Turbines

General Specifications

TYPE AYR
Maximum initial pressyre psigy ... . . ... .. 700
Maximum initial temperature .., 780
Exhaust pressures (psig) . ... .......... ... . .. 100
Speedrange (rpm) .. ... ... .. ... 1000-5000
Wheel pitch diameter (iny . ... 14

letsizes(iny . 3
Indet location (facing governory . ..., ... .. .. right
Exhaustsize (iny .. . G
Exhaust location {r.h. or EhY oL aptionat
Centerline height (L T iz
Approximate range of capacities {hpy o0 L to 750
Casing coverweight (tby . ... L B85
Shipping weight (Iby . ..., . .. .. .. 870

Approximate Dimensions
{in inches)

o = e =

Figure 1-34. Approximate dimensions, Type AYR
turbine. Courtesy of Elot Company.

35

valve is cracked, or partially opened, allowing
Steam to go around the block or control valve to

keep the turbine constantly warm and slowly

turning to prevent the shock of hot steam entering a
cold turbine. A steam trap on the casing keeps the
system condensate-free,

Outlet Piping

Turbine exhausts are routed either to a closed
exhuust steam system or to the atmosphere if a total
condensing turbine is specified. The author
recommends that when piping is routed to the
exhaust steam system, the gate block valve be
located nor at grade near the turbine, but in the pipe
rack, immediately before the line enters the exhaust
steam header. The gate block valve should remain
fully open except during turbine repairs. Locating
the valve in the pipe rack greatly reduces the
possibility of accidentat closing.

Steam trdps for outlet lines exhausting to
atmosphere should not be installed on the turbine
case because they must have some upstream
pressure to operate. The turbine casing here will
have only back-pressure in it; and that is not enough
fo make the trap work. In this type of installation
install only a gate valve on the casing. With this
valve cracked, condensate will drain off as it
accumulates. Some steam will also bleed off but it
isn’t a loss since it is exhausting to the atmosphere
anyhow,

Turbine Dimensicns

Figure 1-34 shows turbine dimensions and data
of interest to piping designers. Figure 1.
35 furnishes the designer with fnccessary
preliminary data to be used until a certified outline
drawing is received.
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General Speclfications

FRAME © BYR CYR DYR BYRH BYRMH i
Maximum initial pressure (psig) ... .. .. 700 700 700 700 700 G
Maximum initial temperature (*F), .. .. 750 - 750 750 750 780 i
Maximum exhaust pressures (psig) ... .. vac-128 vac-50 vac-75 250 378 c,
Speedrange (rpm). .. ..., ..., . .. . .. 800-7000 800-6760 800-800C BGO-7350 800-7350 - 1
Wheel pitch diameter (in.}. ... ... .. . i8 22 28 18 18 -
Number of stages (impulse type). ... ... 1 1 1 1 1 4
Number of rows of rotating blades . , . . . . 2 2 2 2 2
Infetsizes (in).............. ... . . . . 2,.3&4 2,3, 448 2,3, 4406 2.3,446 2,3, 445 Cﬂ“
Infet location {facing governor). ... .. .. right right right right right l
Exhaustsize iny. .. ... .. ... ... .. .. B 10 12 8 3 G' .
Exhaust focation {L. #. Standard). . . . . . R. H, optionai | R. H. optionat | R. H. eptional { R. H. optional [R. H, optional -
Centerline height (in).......... e 14 1z . 22 17 i7 -
Approximate range of capacities (hp) . . . . 1o 1400 to 2500 | to 3500 to 3000 to 3000 ﬁf :
Approximate shipping weight (Ib.). . .. ., 12758 2050 2660 2300 2300 E
See Bultetin 129 for BYRH and BYRHH details 6” ’
See Qulietin H32 for AYR details c \

an

M

r»

Approximate Dimensions

(in inches) &
i TYPE A A | BA DA g | A8 | sa ca | rar | ¢ AC | BC ce o &
Far Class | (ox- E 7.
E capt BYRH/HH) | c
; BYR ......... 464 | 1215 | 21y, | 127, | 364 | 1614 | 1614 13%; | 2214 | 28 14 E 7Y 7 2 :
[CYR . 5115 11215 | 21%, | 17w, [404; | 19% | 197 16% | 234 | 341, | 17 i Big | 83 1 214 .
tovR S1% |12 1 2% | 16w, 1431 123 |23 |19% | 23y (425 | 22 131, 12 | 3 -
CBYRM L 55% | 1214 | 27 16%, |39% | 1834 | 183 | 1634 | 2312 | 3214 17 ' 8% |9 214
IBYRMH . 555 | 1214 | 27 16%s [39% | 18% | 18% | 16% | 2314 | 3214, | 17 i By 19 217 £
*Class { BYR (3-in. intet), CYR and DYR (4-in. inle1}, BYRH and BYRHH (4.in. inlet)
Left hand exhaust (AR gimension} is standard E;“
Figure 1-35.  Approximate dimenslons, other YR turbines. Courtesy of Elliot Company. -
—}
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Review Test
Chapter 1

Define a pump's purpose

Name three basic types of pumps

Which type of pump causes pulsation?

The difference between horizontal and vertical pumps is the location of the

Define NPSH

Normally the centrifugal pump suction line sizes are no more than sizes greater than the
pump suction nozzie,

What is the purpose of a temporary suction strainer?

Why do pump suction and discharge nozzies normaktly have the same rating?

For better piping, common spare and related pumps should have suction nozzies located where?

Define the purpose of a turbine sentinel valve

For better turbine piping, a designer has an option for location of the (inlet) (outlet) nozzle




2 Compressors

fust as pumps are used to increase liquid
pressure, compressors are the mechanical means to
ncrease vapor pressure. There are two basic types
of compressors: reciprocating and centrifugal. Fach
has one specific duty—to intake vapor al a
refatively low pressure, compress it and discharge it
«t u higher pressure. The quantity of gas to be
moved is usually the deciding factor in type
selection.

Centrifugal Compressor

Centrifugal compression is the force converted to
pressure when a gas is ejected by an impeller at in-
creasing velocity, Centrifugal compressors are
specified for large quantities of vapor. Pressure
differential may be small or large,

There are two basic types of centrifugal com-
pressors. Vertically sulit case types are used for high
pressures; horizontally split case types are used for
low to moderately high pressures. Case construction
is important to a piping designer who must design
piping to provide proper access for cempressor
maintenance. If the casing splits vertically, the front
of the compressor must be left free of obstruction so
the casing can easily be removed and pulled away,
Since the horizontally split casing unbolts in the
middie and raises for rotor blade access, overhead

42

piping must be designed to be easily removable.

Centrifugal compressors muy have up o len
stages of compression within one casing. If more
than ten stages aré needed, two or more com-
pressers. depending on total stages required, can he
coupled together and powered by a common
driver. This is called tandem drive. Although therc
is usually only one suction nozzle, a single casing
may have one, two or rarely three discharge nozzles.
An intermediate discharge (called a sidestream or
slipstream) at one of the middie stages may be
needed for the escape discharge of vapor to be used
at a lower pressure than ihe final discharge pressure
at the last stage. Fer instance, in a six stape
machine, the intermediate discharge might come off
the fourth stage.

Case Design

Centrifugal compressor manufacturers have basic
case designs which change with rotor blade design
to meet volume and pressure requirements. For this
reason suction nozzles are sometimes much larger
or smailer than the line sizes for hydrocarbon
process applications, For example, a 30" suction
nozzle may be furnished for the piping designer's
20" compressor suction line. The designer's first
reaction is to ask the vendor to change the com-

¥
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Compressors 43

pressor nozzle to 20", matching line size, but since
this is a stock design case, the vendor <an not make
such a change without a complete redesign costing
many thousands of dollars, so it becomes the piping
designer’s problem to increase the line size to 30 at
the nozzle.

Make line-size changes at COmpressor suction
nozzles as smoothly as possible. To the 30" casing-
flanged nozzle attach a 307 flange and a conceniric
reducer to come down to line size. Never use a
reducing flange here. This would introduce full
vetocity to the rotor blades at a turbulent condition.

Compressor Location

There are several factors to be considered in
locating compressors: (1) Access by mobile equip-
ment for maintenance, This usually means a road
must be located to run alongside the compressor. (2)
Suction line must be as short and direct as possible.
(a) This is one of the largest and consequently most
expensive lines in a basic process unit. (b} An
excessivly long suction line increases costs by con-
suming extra driver horsepower.

Compressors can be installed indoors, outdoors
or under a tropical type shelter and since com-
pressors  require  little maintenance, the author
fecommends  outside installation for economy.,
When turnaround or maintenance is necessary, a
lemporary tropical shelter can be erected for
workers and a crane rented at little expense,

Lube and Seal O} Consoles

A major consideration in centrifugal compressor
locations is the lube and seal oi} console. It must be
accessible from a road, must be lower than the com-
pressor to allow gravity drain of oil ‘to the console $
oil storage tank, and must have cooling water for
the oit coolers as well as electricity and steam for
the oil pump drivers, Quite often, consoles are
purchased as package units, furnished skid-
mounted by the compressor vendor and installed by
the piping designer.

Because the designer usually does not receive con-
sole data early enough, many educated guesses have
to be made early in the plant layout stages.

How big is the console? Usually about 14" wide
by 16" long will be ample,

What items are on the console? An oil tank
collects oil at atmospheric pressure which gravity
drains from the compressor. In cold climates the
oil tank will have steam coils at the bottom to keep
the oil warm. Taking suction from this tank is o
motor driven oil pump and the spare pump, usually
steam turbine—driven with automatic startup in
case of an electrical power failure. These pumps dis-
charge to an oil cooler to maintain proper oil
temperature and to a filter to catch any solid items
which could damage the compressor.

From filters to COmpressor, most companies in-
sist on Type 304 stainiess steel piping to keep rust
particles from forming and finding their way into
the compressor. With pipe sizes of 1 1/2” 16 2" and
with the console close-mounted, the extra cost of
stainless steel piping is small.

Building Installations

Where chimate conditions dictate permanently-
housed compressors, two basic building types are
common. In areas of heavy snow where blowing
winds create tall drifts, the fully enclosed building is
a necessity, for almost afl USA. locations,
however, a tropical type sheller is adequate, This
provides a roof with drop curtains, building walls
extending from the eaves to within 8 of the floor

line.
A tropical shelter houses the compressor, gear

box and driver. The operating floor is set about 6’
above grade to allow lube and seal oil to gravity
drain to the grade-mounted console cutside the
shelter. An operational control panel is located at
floor level. The panel will occupy about 2' by 3-1/2
of floor space and requires both front and rear
access. Many floor layouts have been ruined by the
designer's omission of the compressor control pan-
el.

Traveling Crane

When a permanent shelter is specified, the piping
designer must supply a traveling crane capable of
handling the heaviest removable piece (usually the
rotor assembly) of the compressor or gear
assembly,
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Hook height refers to the traveling crane’s hook
which should be set at early layout. The hook height
will determine crane elevation which will set the
building eave height, a necessary dimension for gat-
ting building estimates.

Traveling cranes are usually nor used for
handling compressor driver parts. Driver piece
weights should be investigated and for a turbipe
may be within the crane’s lifting capacity. Mobile
equipment is normally used for handling electric
motor drivers and large parts for other drivers.

Traveling crane rails should extend past the
building floor to a laydown or drop area where
trucks may enter, receive parts and transport them
to a repair shop. Since some repair might be done at
this area, ample clearance must be provided.

Suction and Discharge Nozzles

Suction and discharge nozzle locations will vary
with the exact type of installation and compressor
selected and will often be determined by the type of
driver. If the driver is a non-condensing steam tur-
bine, the compressor will be mounted as low as
possible (considering drainage to console) and all
compressor nozzies will be located on top of the cas-
ing. If the driver is a total-condensing turbine with
exhaust to a surface condenser, the Compressor may
need to be elevated above the condenser. Here, it
may be better to locate compressor nozzles on the
battom of the casing.

" Case Types

Figure 2-1 shows casing types and nozzie
locations for centrifugal compressors. For in-
stallations inside buildings, traveling crane hook
height will normally be higher for the horizontally
split case compressor. Here the case must be lifted
above rotor blades and set down outside of the
building. Vertically split case rotors are taken out
the front. There must be no obstructions to rotor
removal. The designer must locate piping, in-
struments, building columns and the compressor
control panei out of the way.

Compressor Drivers

Centrifugal compressor drivers, often with
horsepower ratings over 10,000, are usually either
electric motors or steam turbines, although gas-
fired turbines may be specified for large volume du-
ty. Gas engines, sometimes called power engines are
commonty used for reciprocating compressor
drivers, but are seldom specified as centrifugal com-
pressor drivers.

Electric-motor drivers make piping design
easiest, but the designer must know the type, syn-
cronous or induction, to determine approximate
size during layout, If a transformer is necessary, it
must be located near the motor. An electric motor is
normally larger than the compressor it drives. The
author recalls one motor of 13,000 HP that was 20’
high and 20" wide. This motor determined the size
of the building.

The designer is faced with two types of steam tur-
bines: condensing and non-condensing. The non-
condensing type uses high pressure steam and ex-
hausts lower pressure steam o a steam header. The
condensing turbine exhausts 1o a surface condenser,
a large exchanger, to recover condensate, or to at-
mosphere if condensate recovery is not important.
Surface condensers are often grade-mounted direct-
ly below the compressor turbine. This arrangement
employs a turbine bottom outlet nozzle directly con-
nected via an expansion joint to the surface con-
denser. Since the compressor, gear and {urbine are
elevated above the surface condenser, this is called a
mezzanine installation. Figure 2-2 depicts a
mezzanine-mounted installation with surface con-
denser below. Figure 2-3 shows how a mezzanine
foundation migh* look.

The surface condenser also can be located above
the turbine on a flat-roof tropical shelter. The com-
pressor and driver are grade-mounted with only
enough elevation for oil drainage to the console.
Horizontal centrifugal pumps are used with the
elevated surface condenser,

Surface condensers may also be grade-mounted
alongside a grade-mounted compressor. With the
low surface condenser and very little NPSH, a can
ot barrel type condensate pump is necessary.
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Casing types and nozzie locations for centrifugal compressors.
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Platforming for grade-mounted compressors is
shown in Figure 2-4.

Turbine Details

Turbine piping for centrifugal compressors is
applicable to reciprocating compressor turbine
drivers also; however, it is rare to see turbine-driven
reciprocating machines,

Figure 2-5 shows typical turbine connections.
Steam inlets may be rotated to the horizontal for
better piping, Trip and throttle valves may be
specified as angle valves allowing steam to come
from above or below and eliminating the flanged
elbow. Steam to these turbines is usuaily 600 psig or
more with possibly some superheat. Very little con-
densate will form but complete precautions must be
taken as condensate will form while the compressor

Mezzanine-mounted instaltation. Courtesy of Fluor Engineers and Constructors, nc.

is shut down. Globe-body type trip and throttle
valves are usually furnished with the turbine.

Steam-exhaust flanges are usually flat-faced, re-
quiring a flat-faced companion flange and a full-
Jaced gasket per’ ANSI piping code.

[tems 1 through 4 and shaft-packing gland-
leakoffs shown in Figure 2-5 should be run separate-
ly to a drain funnel, Do not combine them into one
line unless a funnel is placed at operating floor level
collecting these drains. From this funnel a single
line can be run to the sewer system.

Figure 2-6 diagrams the sealing steam and gland
condenser piping and the flow of steam to and from
the turbine.

Figure 2-7, typicai lube oil piping at compressor
turbines, explains lubricaiing oil systems. Often
both lube otl and sealing steam systems are fur-
nished by the turbine vendor
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Surface Condenser

The surface condenser is an integrai part of a con-
Jensing turbine installation. It is a shell-and-tube
type exchanger, usually with a fixed tube sheet (non-
removable tubes). Figure 2-8  shows a mezzanine-
mounted turbine exhausting down to its surface
condenser and a grade-mounted turbine exhausting
up to a grade-mounted surface condenser. In both
instaliations an expansion joint is utilized to
minimize {orces and stresses on the turbine nozzle.

Also shown are a side elevation of a surface con-
denser, defining various parts and three types of
commonly used reliel valves attached to the surface
condenser. The exhaust steam system and surface
comdenser operate 0n a vacuum and the relief valve
= designed Lo open at the slightest positive pressure
shove atmospheric pressure. Note that each relief

Mazzanine foundation. Gourtesy of Fluor Engineers and Constructors, inc.

valve has a water seal. a continuous water supply
and cverflow which must be routed to z drain
funnel.

Figure 2-9 diagramatically describes how
vacuum is maintained in the surface condenser by
continuous removal of air by ¢jectors.

Plot Arrangements

Relative relationships of centrifugal compressors
and their auxiliaries are as varied as the horsepower
available. Each case must be weighed with its own
circumstances. As a guide for the designer,
Figure 2-10 supplies three possible arrangements.
Case | is for grade-mounted machines with grade-
mounted surface condenser. While this arrangement
requires the purchase of a low head condensate
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Figure 2-4. Platforming for grade-mounted compressors. Courtesy of Fluor Engineers and Constructors, inc.

pump, it is probably the least costly. Separate lube
and seal oil consoles are shown for various space
requirements,

Case 2 deals with mezzanine-mounted com-
pressors with consoles located at their sides. Case 3
is also concerned with mezzanine-mounted units
with consoles located in front near the main
pipeway. As an alternative, the compressor could be
located near the rack with the console behind
it—away from the rack. This would make discharge

line routing in the rack very short,

Figure 2-11 consists of three equipment tayouts
showing an electric motor or a non-condensing tur-
bine which exhausts steam to a piping system.

Figure 2-12 depicts relative elevation re-
quirements of compressor, console and operationa:
platforming.
operational platforming.

Figure 2-13 represents piping at ton or bottom-
located compressor nozzies.
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Seal Oil Overhead Tank

All centrifugal compressors have seal oil piped to
them. Process compressors of any size have an
overhead seal oil tank that rides on the seal ojl
pressure and maintains a reserve supply of critical
seal ofl available should the system lose its source of
power. The reserve will function 2 short time until
operatoc action solves the power loss problem.

With the loss of pressure source, pressure loss in
the seal oil system would cause immediate loss of
flow. To keep the flow going during loss of pressure
source, the seal oil tank is elevated 20° 10 30 above
the compressor centerline. The head in the line wil
be enough to force seal oil to flow to the com-
pressor. Compressor manufacturers designate
required minimum height of seal oil tanks for their
specific machines.

STEAM INLET T

TRIP-THROTTLE
VALVE

®~VALV€ STEM LEAKOEF. PIPE To
OFPEN DREAIN, NO VALVE ,

GOVENCOR VALVE LEAKOFFE.TO
OPEN DRAIN ., NO VALVE,

(3)~ STEAM CHEST DRAIN, PIPE To
DRAIN FUNMEL .

@— HIGH £ LOW PRESSURE CASING
DRAINS, ROUTE TO FUNMEL,

NOTE ;| PIPE SUHAET PACKING GLAND
LEAKOFFS TO OPEN DRAUN.
TO NOT VALVE,

EXHAULST
FLAaNG&

Figure 2-5.  Typical turbing connactions. Courtesy of Fluor Engingers and Constructors, inc.
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While small, normally 127 to 187 in diameter and
about 3° long, seal oil tanks can constitute @
designer’s nightmare if they are not carefully con-
sidered during equipment layoul stages. Their
required elevation is & real design problem. They
are equipped with level gages, and sometimes other
iastrumentation, which make platform access man-

datory. Piping to them comes from the console and
goes to the compressor seals, so it should be located
somewhere between them. For instatiations utitizing
a building, a platform can-be located on top of the
building with access by ladder from grade, Qutdoor
instalations require a small structure, psually con-
nected to the nearest, tallest structure in the im-

mediate vicinity.

ryPICAL SIEAM _PIPING i

Figure 2-6. Typical steam piping at
ng.

compressor turbines. Courtesy of Fluor Enginears and Constructors,
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Figure 2-9.  Typical air removal piping. Courtesy of Fluor Engineersﬁéhd éonstructors, inc.

at a higher pressure. Also called the compres-
ston piston,

single-acting cylinder Having one suction, com-
pression and discharge area per cylinder.

double-acting cylinder Having two suction, com-
pression and discharge areas per cylinder. May
compress two different vapors,

compression stages Number of times the vapor is
compressed by going through a compression
cylinder to increase pressure.

Compressor Driver Types

Reciprocating compressors utilize electric
motors, steam turbines and gas-fired engines as
drivers. Designer's problems with electric or steam
turbine drivers have been discussed in the preceding
pages, so only the gas-fired engine driver will be
considered here. In practice this type is the most
commorn, ‘

A gas engine driver may have as few as two or as
many as 16 or more firing cylinders. The higher
horsepower machines may be turbocharged. Drivers
up to 2,000 HP are common and larger ones are
available. A gas engine driver may be easily

recognized by its flywheel, which regulates its speed
and uniformity of mation.

Fuel gas is the common fuel for these internal
combustion machines. Because the pistons fire and
displace vapor, a reciprocating action occurs,
causing vibration. A very heavy mass of concrete is
required as a foundation to resist this vibration and
keep the driver from rotating. Most compressor
manufacturers suggest a concrete foundation about
three to five times the total compressor weight.
(Concrete weighs 4000 Ibs. per cubic yard)

Compression Cylinders

Compression cylinders are attached to the
crankshaft in necessary quantities and sizes to do
the required gas compression. The size of the
cylinders is the volume or the displacement, in cubic
inches, of the compression area. This is calculated
by multiplying the area of the cylinder by the
stroke, or travel, of the piston.

Each cylinder of a compressor may be single-
acting, with one compression chamber, or double-
acting, with two compression chambers. Angle 1vpe
cylinders are all located on one side of the driver
crankshaft, balanced-opposed type have cylinders
on both sides of the crankshaft. The balanced-
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Figure 2-13a. Piping layout at centritfugal compressors—bottom nozzle oriantation. Courtesy of Fluor

Engineers and Constructors, Inc.

appused type is usually electric-motor driven. Put-
ting cvlinders on both sides of the crankshaft
rroduces o balancing effect which reduces machine
siyration,

Figure 2-14 shows the three most common
reciprocating compressor types. Type 1 is balanced-
appased. The gear depicted is not always needed,
duvending on the driver selected-—electric motor or
steans turbine——and on the frame and driver speeds.

Grears may increase or decrease frame speed.

Type 2 is a gas-fired angle-type engine. The
compression cylinders are all on one side of the
frame. In all compressors, vylinder diameters and
lengths vary according to composition, pressure and
volume of gas to be compressed. Dimensions from
frame centerline 1o cylinder nozzles will vary with
compression forces,

Type 3 is the horizontal or straight-line type,
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Figure 2-13b.  Piping layout at centrifugal compressors-top nozzie orientation.
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commonty referred to as a one-lunger because it
only has one compression cylinder. This type usu-
ally has severe vibration problems and the author

suggests a larger than normal mass of concrete to
withstand ir,

reciprocating muchine, compression i violent and
heat rise is greater. Inlet temperstures of 100°F,
may be raised by compression te over 00°F,
Consequently, compression cylinders get extremely
hot and, depending on the vapor being compressed,

Gus compression  raises temperature. In a  will probably need some form of conling. A con-
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tinuous cooling water stream is needed for intense
heat rises. For lower heat increases a glycol-filled
jacket may suffice,

Cylinder support, independent of piping, is
provided by a separate pipe connecting near the
cylinder end and running to the concrete fastened to
the top of the mat—often these supports are fur-
nished with the machine. Never support the cylinder
from operating—floor steel. The steel may spring
slightly and the support be lost. 4/ways support the
cylinder if the vendor recommends it.

Suction and discharge volume bottles should be
provided at each compression stage, There are
many formulae for calculating bottle volume and
cach yields a slightly different answer. The
manufacturer will supply suggested bottle sizes,
often in volume, and these should be followed. The
purpose of these bottles is to provide volume for
rapid intake and exhaust, dampening pulsation as
much as possible. Some companies supply
computer-designed pulsation-dampening suction
and discharge bottles which have internal baffeling
and piping, referred to as trombone bottles. While
expensive, these bottles are often worth their weight
in gold.

Figure 2-15 shows how to instalf bottles at the
cylinder, Keep bottles as close to the cylinder as
possible, Note location of cylinder support.

Cylinders are supplied with tapped holes for bolt
studs, Studs with oversized threads on one end are
screwed into the holes through the bottle companion
flange; then nuts are tightened. Once in place, the
studs are very difficult to remove, To allow removal
of the discharge bottle, the studs must come out.
Easy removal can be assured by using studs fong
enough to take two hex nuts. Then when the nut
next to the companion flange is turned, the second
nut will not et it back off and the stud can be
loosened and removed. The suction bottle can be
raised over the studs for removal. To avoid any
possible mis-installation, the author suggests that
both suction and discharge bottles be doubled-
nutted,

Engina Utilities

Gas-fired engine drivers require several utilities
for operation. Quantity and types vary with the
specific machine, however Figures 2-16a and b,
show utilities common to most machines.

Figure 2-16a pictures lube oil, air intake, engine

DUMENSION 15 MINIMUM
Wik VALVE SEMOVAL

COMSIDERATION
FEOf TeE
— § £CYUROER
{ .
[ s DOUBLE NUF W/STUD
i BOUS fOR EiSY
&Y BOFIE REMOVAL
ASW — CHECK CLEARANCE
(ADIISTABLE
G £
SPRING WEDG ‘)\Q ¥ : CYLINOERZ  SUPPOR]
X3 8y VENDOR
I i
ELEVALION € & YIINDER
Flgure 2-15.  Suctlon and discharge bottte installa-

tlon. Courtesy of Fluor Engineers and Constructors,
Inc,

exhaust and vents. Lube oil systems vary from the
simple manual system shown to automatic
temperature control types which utilize a three-way
controt valve upstream of the lube oilf cooler. With
the manual type, water quantities to the lube oil
cooler are regulated to supply the proper
temperature to the driver by keeping a close check
on the TI at the engine inlet. With the automatic
three-way control valve, the third port of the valve is
used to by-pass the cooler, maintaining proper
water temperature to the engine.

Line sizes shown are fairly common for a 2,000
HP machine,

[t is economical to hang the air filter beneath the
exhaust mulfler, utilizing the H-frame for both
pieces of equipment. The area underneath the filter
must be paved to reduce dust intake. Sometimes a
separate oil system is mounted at the base of the
filter to keep the element oily.

An exhaust expansion joint is necessary to reduce
piping forces at the engine exhaust manifold flange.

[t is good design to use flexible hose for final
enging connections for lube oil. This will greatly
reduce vibration transmission possibilities in oil
piping. The lube oil pump is furnished with and
mounted on the engine driver. Consequently, it
vibrates and, with steel piping connected to it,
transmits these vibrations to piping.

Lube oil piping must also have a small drain valve

.
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located at the low point of the system. For initial
start-up, a special flushing ol is used and must be
drained.

Figure 2-16b represents jacket water, fuel
and starting air. Starting at the jacket water Surge
tank, an 8" suction line supplys water 10 the jacket
water pumps, from which a 6" line discharges to the
compressor driver (this water controls the engine
heat exactly as does the water circulating system in
an automobiie). Continuing, the hot jacket watet
comes out the top, going to the A port of the TCV
(temperature control valve). From here, depending
upon temperature, the flow can go through port C
to the jacket water cooler or through port B,
bypassing the cooler, directly to the surge tank. This

three-way autornatic control valve is often used in
fube oil systems as described earlier.
Shell and tube type jacket water and lube oil
coolers are shown. They could be air coolers.
Fuel gas pressure is reduced by the PCV before
entering the volume tank. This tank is usually 12-

gas

Dasign

(4 pipe 4-57 long, closed with weld caps and
tocated under the operating floor.

Fligh pressure starting air 1anks, containing a set
volume determined by the particuiar compressor,
are located near the starting air COMpressor.

As the name imphes, starting air is used to put
the machine into operation before firing the
cylinders. An air line is run from these tanks
through a quick-opening valve, often furnished with
ihe machine, and into the COmMpressor.

Compressor Layout

cost
good

Dffective compressor  layout resulis n
suvings on process and utility piping.
ibility and possibly reduved

maintenance  accessl
pulsation in suction and discharge piping. Poor

layout does just the opposite. For angle-lype com-
pressors, locate the crankshaft parallel 10 suction
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and discharge headers. For balanced-opposed
machines, the crankshaft should run perpendicular
to suction and discharge headers.

Figure 2-17 shows balanced-opposed
reciprocating compressors with crankshafts perpen-
dicular to the sieeperway. Lines to and from com-
pression cylinders are shorter with this layout. A
synchronous electric motor is shown for this
COMPressor,

Figure 2-18 shows proper layout for angle-type
compressors. With cylinders located on one side,
process piping is minimized with this arrangement.
F'or the gas engine driver shown, the air intake
filter, exhaust silencer and coolers are located
behind the machines. Coolers shown for oil and
water may be either air coolers, with two cooling
ceils in a single unit (as pictured) or water-cooled
exchangers. Intercoolers and aftercoolers may be
water-cooled or air-cooled. Availability and cost of
cooling water determines the type selected.

Compressor Bulidings

Reciprocating compressors are usually installed
in 2 building. For extreme climatic conditions a fully
enctosed building should be specified. This would be
for areas of very cold winter and heavy snows such
a3 the northwest United States and most of Canada
which have winter temperatures of minus 40°F. or
lower. Inmost parts of the United States a tropical
tvpe, prefabricated building is selected. This
building has a gabled roof with continuous ridge
ventifator and drop-curtain siding (o within 8" of the
operating floor which is approximately 4 above
acrmal grade.

Since compressors move gas, the tropical sheiter
is sefected to provide maximum ventilation. When
conipressing very light and dangerous gases such as
bydrogen grating is selected for operating floor
material because it provides much better ventilation
than o solid floor plate. Never design an area where
pitses may accumuiate.

Butldings are provided, not to protect the
machines, but to offer some protection to operators
and manttenance men, In heavy snow areas, drifts
might cover compressors but they would continue to
perform. However, should plant operation require
an adjustment in compressor speed or capacity,
eperstors couldn’t get to necessary machine con-

trols. With totally enclosed buildings, control valve
stations and, often, lateral block vaives—are
located inside. These are the compression cylinder
suction, disharge and start-up by-pass valves. Com-
pressor headers are rarely located inside as this adds
to unit cost by increasing building size,

Machine Foundations

Compressor foundation design is a science itself,
but the piping designer should know a few basic
design rules as it is he who supplies the general in-
stallation layout. Since reciprocating machines
pulsate, foundation mass or weight is critical.
Instatied concrete weighs approximately 4,000 ibs.
per cubic vard and compressor foundations should
be, as a minkmum, from three to five times the
weight of the compressor—including driver, and
gear if required,

Blocks rise above operating floor level and the
compressor base plates rest on the blocks. Although
compressor foundations shoutd be unitized, mats
{the spread oul bearing-concrete which supporis
compressor biocks) must be combined for multiple
compressors. Preferably, do notset building column
foundations on the compressor mat. Vibrations can
be transmitted from the machines through the block
and mat into the column foundation and from there
into the steel building columa. This could cause the
entire compressor building to vibrate and rattle,
Compressor building floor framing is tied into both
block and mat concrete because there is no other
place to secureit. This often results in vibration and
noise from steel framing, grating or floor plate.
Noise 15 usually corrected after start-up by in-
stalting dampening gasket material where the noise
occurs. Vibration must be tolerated since nothing
can be done about 1t

The dischurge bottie support wlse rests on the
mat. Often, suction and discharge line supports are
connected to the mat within the building confines.
This forces piping designers to make final locations
early in the fayout stage for all items connected to
the mat. [t is the firstitem the field crew will need to
pour. After mat concrete has set, forms dre
removed. block forms are buill and the block con-
crete ts poured. To allow voursell the maximum
design time and to minimize vibration do not locate
anything on the compressor mat foundation that
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does not have to be there, All items connecting to
the mat must be located before the mat concrete is

poured.

Clearances

Often, the compressor building must be sized very
early in layout. Firm equipment data is unavailable.
The designer may know the overall length of his
machine is 20° and the width is 14°. From this he
must size the building. To do this he must atlow
adequate clearance for maintenance plus possible
control valve stations, lube oil equipment, focal pan-
el boards, ete.

A good rule of thumb at the early layout stage is
10 leave a 6 clearance all around the compressor. In
practice, this 6’ aliowance provides for only 3-4" ac-
tual walkway in front or in back due to other items
occupying floor space. With two or more machines,
§' between compression cylinders usually furnishes
adequate piston removal length but this dimension

must be confirmed from the certified vendor
drawing.

Clearance pocket valves sometimes project
horizontally from the end of each compression
cylinder. These valve handwheels will be about
waist high and project from 1-2' from the end of the
cylinder. The walkway must be outside their
extremity. An experienced designer questions ven-
dors about clearance pocket vaive requirements
which often are not shown on preliminary vendor
drawings. If clearance dimensions are set at 3 ac-
cording to preliminary vendor drawings and the
building is purchased from this dimension and
should the clearance pocket vaives have to be added
{ater the building must be extended, resulting in a
higher building cost because it is « change order, not
part of the original order.

One end of the building should be left open as a
work area, with nothing occupying floor space. 20
from the machine extremily is 2a good working
number. This space is used as 2 drop-down area.
Machine parts are lifted with the traveling crane
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Compressors . 65

and minor repairs are done in this area. For more
exlensive repairs, parts are transported to a shop.

When two compressors are placed side by side
with compression cylinders facing each other,
cylinder removal distance of the longer requirement
must be the minimum between the machines.
Usually an extra 17 is added.

Suction and Discharge Piping

Except for special cases, suction piping is routed
ta the top of the cylinder and discharge piping from
the bottom. The reverse arrangement is used, for in-
siance, if a furnished intercooler is to be mounted
divectly on top of the compressor. Then suction
would go in the bottom of the cylinder, out the top,
directly into the overhead cooler, out the other end
ol the cooler and directly into the top of another
cvlinder for the next stage of compression. Since
that is a special application this text can not

 absolutely avo

elaborate on it and will only consider normal com-
pressor piping.

As mentioned earlier, liquids do not compress; so
extensive precautions must be taken to ensure that
liyuid enters thc compression
cylinder. A small quantity of liquid could do it
extensive damage.

Figure 2-19 shows typical piping at compression
cylinders. Make-up gas enters V-101, rises through
the demister and goes out the top nozzle to the §7
compressor suction header. V-101 collects liquids
which may be in the inlet Hne. In this case, the
operator will periodically check the liquid level,
observing the LG and manually draining any visible
liguid by cracking the 1% globe valve. If inlet gas
is a wet gas, one with great amounts of entrained
liquid, a leve! controller should be added, activating
a level control .valve to automatically drain
accumuiated liquid.

Should liquid build up too high, the level alarm
will sound. Warnings are usually sounded in the
main or unit'control building and may also sound
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focally. If liquid level reaches an unsafe height, such
that liquid could possibly enter the compressor suc-

tion header and be routed to a compression
cylinder, a level shutdown is activated which cuts off

power to compressor drivers and shuts down the
machine.

C-101A and B are shown as two equal capacity
machines, one normally in operation and one spare.
Each machine is depicted as having one compres-
sion cylinder. In many instances two compression
cylinders are needed to handle the required volume
or throughpu: If C-101A had two cylinders, both
would connect into a common suction and discharge
bottle. Suction and discharge piping would be no
different but the bottles might have to be longer
than 5707 to reach two cylinders.

Figure 2-19 shows the make-up gas cylinder
piping. C-101A and B can have other compression
cylinders with almost identical piping, each service
having a compressor suction drum. Most com-
pressors have four to six compression cylinders,
compressing two or three different gases.

V-101 vapor outlet has a 37 x 4°" reliefl valve
required by vessel and piping codes to protect the
vessel and compressor suction header from over-
pressure. PSY discharge is shown venting to the at-
mosphere but may be routed to a flare header,
depending on vapor type. From the header, 8"
laterals are routed to cach machine through a block
valve and a 16" suction scrubber or volume bottle,

Cylinder discharge goes through the discharge
volume bottle, through a block valve and off to the
unit. A 3" start-up by-pass connects suction and dis-
charge laterals. A 3" x 47 reliel valve protects
piping against overpressure and a 2" vent allows
operators to depressure the system,

Figure 2-20 is a typical cross sectional elevation
of reciprocating compressor cylinders. A vertical
suction drum is located on one side of compressor
suction and discharge headers located on concrete
sleepers. Lateral pipes rise off the top of the drum
and proceed to a suction bottle located directly
above compression cylinders, For hydrogen service
Fluor lacates the suction drum, or separator, as
close to the suction volume bottle as possible. They
are shown here directly connected to it Also note
the gas outlet line in the separator at the left. Piping
from the normal outlet location may vibrate; often
tle internal line design can prevent a vibrating riser,
The author has used the internal line design
successfully on several compressor installations.
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1Y ABBANGEMENT OF LA7EpALS [C_COMPeéssoe

:«*MW

[YPICAL PipiNG [somerec

“ianre 2-21. isometric of typical compressor piping. Courtesy of Fluor Engineers and Constructors.

woetally, if the riser is over 127 long, the internal compression cylinder, Only in VETY rarc cases
~ign s selected. The internal pipe is secured to the  should this design be used.
cwide vessel wall with clips welded to vessel and Note how [ %" and smaller piping is braced with
e wedges in  two directions, Without  wedges,
Figure 2-21 shows an isometric of suction, dis- vibrations would eventually fatigue these small con-
“iarge and flare headers on concrete sleepers.  nections and they would rupture at the connection
‘terils rise from the headers. This arrangementis  point. Also note reljef valve piping on the discharge
<7 important for keeping the suction lateral self- lateral. It is kept as short and compact as possible
desining, 1 it ran from the header bottom, a low 1o reduce vibration and lessen fatigue. Inspection
point would he formed, making a perfect place for openings shown on both bottles are required when
iuids 1o build up and eventually be carried into the the bottles must be built and stamped in accordance
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with the ASME Section VIII vessel code. Normally
these bottles are built in accordance with the ANSI
piping code and inspection openings are not
required.

A temporary suction strainer is provided at the
cylinder inlet to prevent solids from entering the
cylinder. After running for a predetermined length
of time, the compressor is shut down and the
strainer removed. For this purpose, the suction bot-
tle must have break-out flanges so it can be un-
bolted and lifted.

Pipe Support Spacing

For years, pipe support spacing was a hit-and-
miss effort. If an installation did not vibrate
excessively it was assumed that the correct design
had been used and the design was duplicated on the
next compressor. Everyone was then suprised when
it didn't work very well in the new installation. It
was finally discovered that the design natural
Sfrequency of the compressor influenced line pulsa-
tion. Engineers developed very complicated
calculations to locate supports and holddowns
before the computer came along and simplified the
solving of pulsation problems, The development of
the Analog computer allowed an actual theoretical
duplication of operating conditions, immediately
locating problem areas and suggesting ways to cor-

rect themn, Today most compressor installations are
- proven feasible by an Analog run before fabrication
drawings are released.

The computer and history have been com-
bined in a support location plan developed by Fluer
Engineer & Constructors, Inc. By simple manual
calculations, proper support locations can be deter-
mined in three phases.

Procedure to Determine Support and
Hold Down Points

Phase {—refer to Figure 2-22.

1. Obtuin {fn} Design Natural Frequency from
compressor manufacturer, For this example use
fno= 140 cycles.per second.

2. Set piping dimensions on layout and space
lines.

3. Indicate supports no. req’d. at all corners (2),
intersections (2 sides only) and changes of
elevation {1).

4. Locate a support at points of weight concentra-
{ton, such as block valves, relief valves and
blind flanges.

5. Line up adjacent supports to a common pier if
possible.

Phase 2—refer to Figure 2-23.
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Table 2-1
Pipe with Hold-Down at One End
{Corners and Intersections) Cantilevered,
To Be Used for Calculating the Maximum
Span at Corners and Intersactions

T
T L = PIPE SFAN - FEET B e Nl
Iszelmaxsenl 2 | 3 1 4 1s a 7|8 le it :,,r e —
P 1 xXx ki ¥ A 1
L1l ex 0S| 47] 76 ol RO
C XX 1351 el 34f a1
{ORNERS

3 Xx 20zl w0l 51 32] 7
L2 xx 81 vl 67] 43} w01 72
L6 xx 396] 177}100] se] 42| 23] 3%
LB g 338; 239135 86l 60] 44l 34 27
T 160 | 665} 206{1661107] 74] 54| 42

1z 180 | 190] 352|908 1126] 83l 65] 4% 39

14 180 | 83} 9vizazliea] ea} 73] 6] €6
i 16 199, | 993] «et[2ealisali10] 07] e2] a8
e Y60 [1,122] 4591281 [180] 125 82 707 6%

|

180 1%.250) 8551312 200l 139 107] 181 62
24 160 115001 666374 [718] 156 £225 gaf 14
38 0800w Lzo36! so00!s07 325 78 (a6 127 1100
(.38 0800w, 12040]1.080] 810 [190] 271 1199 152 [120

ey
i

BiIZIBIgIniaminiy

THIERSECT (ou

Terae 2424 Maximum plpe spans at corners and intersections.




The preceding steps have simplified the system
to u serics of straight piping runs which is the
basis for the pipe span tables.

6. Hold downs at corners and intersections. To es-
tablish dimensional location of hold downs at
corners and intersections, Read from Figure 2-
24, Table 2-10, Example: @ (fn) or 140 ¢ps

Design Natural'
Frequency (fn)* Max.
{from body of L = Pipe Span
Pipe Size Figure 2-24) in feet
3 202 20"
6" 177 30
8" 239 3.0

*Value (fn) nearest to but not less than 140 cps.

7. Place supports as close as possible to headers,

2imen _,;n;&bgg}ygc_n established support points

RN -'g’fi{_ﬁfﬁﬁt’ runs, '

Phase 3-refer to Figures 2-25, 2-26 and 2-27.

9, When locating supports in straight runs select
first the smallest diameter run as it will have the
largest number of support points.

10. Fixed spans for 3" lateral = 9°-1" + 11’.7%"
determine maximum span from Table 2-2 and
2-3, Figures 2-26 and 2.27
Maximum span Table 2-2 = 6'-0" (2 hold

Maximum span Table 2-3 = 5'-0" each side (2
hold downs + simple support)
For fixed span 9-1" use Table 2-3 space sup-
ports 4'-31%" + 4’94
For fixed span 11'-7%"" use Table 2-2 space sup-
ports 6'-0" + 5-7%"

11. Fixed span for 6" lateral = 9°-0" + 91" +
.74
Maximum span Table 2-2 = §'-0”
Maximum span Table 2-3 = 7°-0" cach side
For fixed span 9'-0" move required hold down 3
and space supports 4'-0" + 5'-0"
For fixed span 9'-1" extend simple support of
adjacent 3", Meets span allowable Table 2-2.
For fixed span 11'-7!4" extend center pier at
adjacent 3" lateral; meets span allowable Table
2-3

12. Fixed span for 8" lateral = 22'-1" + 11.7%"
Maximum span Table 2-2 = 9'-0”
Maximum span Table 2-3 = 8'-0" each side
For fixed span 22°-1""(4’-0" + 30" + 9°-0" +
§1"y =307 = 2217
At centerline col extend adjacent pier span of
$'-1" allowable per Tabie 2-2
Fixed span of 22'-1" = 91" = [3.0",
Extend adjacent pier at 6" lateral. Meets span

allowable Table 2-3 -
Figure 2-28 shows how natural frequency should

match maximum spans to prevent excessive
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' ‘Figure 2-25. Phase 3 of pipe support spacing. Courtesy of Fluor Engineers and Constructors, inc.
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Table 2-2
Pipe Spans Hold-Down or Anchored Both Ends
To Be Usad for Calculating the Maximum Span
Between the Supports with Hold-Downs

L (samoy 4" or wok( ! ~
FanndEIN -~ -+

- |
- ine i
s surror 3 | IPRIKG LTS 4310-D !
CLAY [ PREFERNLD)

PIPE L~ PIPESPAN ~ FEET 1
SIZE|MAX. SCH, | 2 3 4 5 6 17 1e 19 |10 141 t12 (w3 {14 |35 j16 (17 |18 f19 {20 i21lzz [2afzalasizeizy] 2s (20 3032
t X% 3070 137 rri 43 34l 28
1% xX 465] 2071 6| ve| s2f 3w 2ef 2
F] XX 6001 267 150| 94| e7| as| 38| 30! 22
; 3 XX 900] 4000 25| taa| t00| 74156] 45] 36] 30| 25
; 4 XX 1995 B3] 94| a8 | 131] o6 74| sa| 4| 19| 33, 28] 24
. 6 XX 1.760| 778) 438 ) 280 194]a3)ros| avl vo] e8| as] a1l gl a1, 27 24 |
2 B 160 2350110451 BE8 ¢ 3767 P61{ 102 14711161 94 18| 65 58| 48] 47] 37| 33] 291 76 §
g 1 160 2875]L.278] 718 460| 320} 235 1801147{115] 96| HO| 68] 58, £1] 45! 40| 18] 17| 2926 74 i
k X 160 3450 1.,632] BG2| 552 3BI[ W2 |NGL10{138| V14| 96| B2| 701 €1] 54} 4] 43 38| w1 TE
] 160 3.900:1,732; 875 | B4 1 4341 19244103188 1Z0 108 | 921 BO| 68 6%) 541 48| 43] 39039 353615
15 166 4,350/ 1932{1.087 | 696 | 484113561272 12151 474{ 144 121]503] 89! 77| 58] 60| BA| 48| 4440 36 33! 30 26, 23 74
B! [ 160 A0 2180/ 1,226 | 784; 5444001006242 [198] 162 1361116 100] 87| 77| 68] Y| 54] 49|45 41] 371 34] 3F) 29 24 9E
] 20 150 SASCI2.475 1363 | 872 806 445 1341|269 238180 158 raaf 1] 97] 85! 78( 67 607 55|50 48| 41} 28] i 3% 30| 78] 261 3¢
] 24 160 653012.900| 1,632 ;1,042 | 7¥51 533 [408 11231261 [ 216 1181 {154 133[116)102] B0 81: 72 65159 54]49] 45! 47| 39 38 23] 411 901 3%
30§ 0500w | 8850393512216 [1.416] 986] 722 5501437 354282 1246710 1801167 12011221 1067 58] 80| 8ol 791 67 62, 57) 52| 43) 45| 43] 391 35
36 | 0300w | 10.850(4,736]2.660 |1,7033.182| 870 |666 | 526 [426 352 [296 | 252 [ 2175183 [ 466 | 147 | 121 (118 107| 97 88| G| 74| 63) 63| 55] 52151 47 47

Figure 2-26. Pipe spans, hold-down or anchor both sends. Courtesy of Fiuor Enginears and Constructors,
Ing. :

S Table 2.3
4 Pipe Spans Hold-Down One End—Supported Other End
To Be Used for Calculating the Maximum Span
Betwean a Support with a Hold-Down
and an Intermediate Support without a Hold-Down

s
2:!:!% LOATED HILD-DOWN (IIH(H;(I}
PIPE Lo PIPESPAN - FEEY

SITE| MAX. SCH.L 2 3 4 3 5 7 Blojre a2l 15| va1153116 117 |18 19§20 121 [22 1231 24 125{26i 27{28)29' 20l 32
1 XX 4461 198] 111 VAN L] 38

th XX 676 | ac1] 170! 108 8 65] 42i 23

2 XX 864 X88: NEf 139 98 | 54 43 a5

3 XX 1,295 1 876; 34| 207! w44} 106, Bi| 64! s2] a3] %

4 L 1698 ) 750) 424 27p: 188: 129: 168 841 g9( 561 47| 40f 3B

& XX 2540 1L1271 625 406 | 292 200 15901250101 g4l 71| eo| s2| 45i 40] 38

] 180 A 15| B62| Ba5 | 379 | 27R| 213i168[136iv13[ 9s| B1] Yof BT 53] 47| 42| 3

13 150 4230 1.BO0[1.0801 680 | 43 ] 47| 2642301 170 taq] 1181101} egi 78] 66| 50| 621 &7 | 42| 38]

FE BO2012,235/1,256; Bod | 558 | 410] 214/248{ 201 D166 140111901031 89| 78] yo! 621 56| 50 46| 42 28 :
4 160 B6H0 1252001420 B0% ) €31 | 4a4: JEE{201{ 27 a8 ss7(134 i igliot] Ba| ¥u| vo s3] 57 52] «7] 3] 30038 ;
15 160 £.330(28201188111,013§ 703§ $516) 395(313] 253 {209] t76)160 29[ 112] on| ea| 78] 10] 63, 57| 57| 48] 44|40 18] 35 i
18 160 794G 1318011783 [ 1,142 | 793 | 50| 4481383] 788 [236] 168|1691146[1271112] oui 88| r9i 71| 65| 89| B4l 6014847 30| 38

20 150 THIG|IN01.86% 1007 | 882 | ge8] aoeidey nyiedtreolveritepnasisaliiol gal em | rol 771 wal sal s6is1147] 43[40 38 05

24 S6G 852014,24012.380 1 1,575 1067 | #78] soafavy] 381 i8] 26aizaef194 teg{ragtiaz s iioe] 95| &7] 191 17| 66 latise] s2]4a a4zl
33 1 0500 w. | 17,900 {5,730{3,225 | 7.060 [1.432 | 1.052; 807637616 |426| 3591105 [263 1729 {202 110 {rev hraa frze {1 107 97| oolas|rel vileg 615751
.36 | 0500w [1581016900[3880]2¢86 0 734 {1.267] 871{767] 671|513 431|168 317 [276 |747 715 (197|372 |155 114111781117 1107 |39 |92 85|79 74, GaL6r

Figure 2-27.  Pipe spans, hold-down one end. Courtesy of Fiuor Engineers and Constructors, Inc.
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Hold-downs and Wedges

Because compressor suction and discharge
headers and laterals pulsate, line vibration OCCUurs.
Concrete sleepers are located to support this piping
but hold-downs are needed to restrain or resist the
vibration and must be applied at each sleeper loca-
tion. Compressor piping should be routed on low
sleepers as far as possible, generally from the com-
pressor house to a point where the piping musf enter
the elevated unit pipeway. As lines get farther from
the compressor, vibration usually decreases due (o
the greater gas volume serving as a pulsation
dampener.

There are many types of hold-downs commercial-
ly available. The author prefers a spring-loaded type
which aliows some thermal expansion. Some com-
papies use a resilient compression washer which
serves the same purpose as a spring. However, care
must be taken not to flatten compression washers
during installation. When too much force is applied
and the washers are fully flattened, they do not
return to their original resiliency.

Figure 2-29 shows the type of spring-loaded sup-

LoCATION OF SUPPORTS

Process Piping Design

port used beneath a compressor discharge bottle
Before start-up, the wedge is instalied with ample}
clearance from the bottle with the spring {oose. *,_..é '_
wedge should be focated directiy under the bottle in R
let coming from the compression chamber. Whentl
the compressor is started the vertical discharge lin
from the cylinder to the bottle wiil get warm and §
wiil expand a small amount. The wedges will then §
be tightened so that they press firmly against the
bottle with temsion supplied by the spring. 1k
Figure 2-21, the wedge is located under thi'g
cylinder; the other bottle support has a hold-down
Figure 2-30, Type HD-1 and HD-2 Hotd-downsk
shows some standard types for sizes %' 10 1Q7 pip
For structural strength to withstand vibration, comel
pressor piping 1s usually sized as 27 mind M. T}% j
end elevation shows a steel plate imbedded in thy
sleeper, with the hold-down pieces welded to iff
These pieces are all standard manufactured itent i
The steel plate procedure ailows sleepers to |
poured by construction before detail dimensiong]
locating piping, are final. This also allows much§
more tolerdnce during construction. With the oldf
procedure of imbedded anchor bolts, there was very§
little chunce for error. ]
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Line or volume bottle

installation as reqd.

Spring compressed @ i

S

— " B et
\ Q—‘
~
J AN S Bt il M
IR A | oy i -
2] ; ; e el T e
i B Ve R
W 7oes polan A AR
e 2 SR 4 4 1
hed 4 e s A
Sl ‘ B "8
i .2 | “
;Ds% f [/2 squard bars ~ A Min. [Min,
™ I and base plate . C
.;jg furnished with Dim. D:m{
X foundation
,? SYMBOLS e LINE OR DIMENS [0KS
x| FOR BOTTLE
A DWGS. & SPOOLS |WUMBER| Nom. size | A | B C D E
BW*HG[!K_,Q"%\;:;E ASHI £ 2 thru u? | 6-1 /4 g=1/2"| y=1 /2" o I=11/g"
'; ASW2 6 and g7 | g-1/y 8" 5-1/4 8-1/44 1-13/1¢"
K asws  |ASH3 {107 thru 1w e-1/4 1i-1/2 7-3/4 10-3/4"] 2-3/8"
- I Hom
: PO0L_ TG ASWY | 16" thru 201 9-( /4] 1% 8-1/2" t1~1/2" 2~3/8"
b COORD. | ASWS | 2u” thru 221 9~ /] j5" 9-1/27) tu-1/2" 2-1/2"
X ASWE | 34 thru uel 9-1 /4] 17-1/2"] 10~1/2"| 15-1/2"] 2-1 /2"
- aswz ASW7 | ug" thru 60" 9-1 /4 19-1/2"] 11-1/2"] 16-1/2"] 2-1/2"

I+ Use wedges where required by vibration analysis on pulsating lines, volume
bottles and pulsation dampeners at reciprocating pumps and compressors.

2. Fabrication and installation detail drawings (8-1/2" x |}") are used for each
tag number shown. Detail drawing numbers correspond to the tag numter,

Example: 0000~-1-ASW?2

Contract Ho.**5 —1 [-
Dwg. Size Tag & Dwg. No.

Figure 2-29. Adjustable spring wedges. Courtesy of Fluor Engineers and Constructars, Inc.
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Figure 2-30a, Type HD-1 hold down. Courtesy of Fluor Engineers and Constructors, Inc.

Note that in all of these hold-downs the pipe is
cestrained from moving up and down, but move-
ment sideways and lengthwise is allowed.
Temperature differentials occur from time of con-
struction Lo start-up and from summer L0 wintler
causing piping to contract and expand. Any
restraint design must provide for pipe expansion
and contraction.

Figure 2-31 shows the design required for sizes
{2 through 18”. In Figure 2-32, the type HD-4
hold-down is for sizes 20 through 367

[nsulated lines have the insulation cut back at
hold-downs. When, under special services, lines

require cold-insulation, it is not cut back at these
points, Depending on the type of cold insulation, ¢
steel cradle or, sometimes, wood blocks will be used
at hold-downs. For cold-insutated lines. hold down
size is not pipe size, bul is pipe size plus twice Lhe
insulation thickness plus twice the cradle thickness
if the cradle design is selected.

As noted earlier, field instatiation of campression
washers is critical. Improper installation will ruin
theny, Normal procedure is to tighten all nuts by
hand, only finger tight. Then a wrench is applied for
a 45° turn for 114 7 - 37 pipe sizes and 0 907 tura for
fines 47 and larger to supply ample load at the
washers and withoul impairing their resiliency.
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Review Test
Chapter 2

Do not refer to the book for answers. Should the student miss four or more questions, he should reread the
chapter. Answer true or false.

I. Centrifugal compressors, because of their back and forth action, cause piping to pulsate

and vibrate, T F
2. With a vertically split Compressor case, piping must be routed to leave the area above the

compressor free for maintenance, T F
3. Centrifugal compressors are limited to ten stages within one casing, T !
4. Lube and seal oil consoles are needed with reciprocating compressors. T F
5. A reciprocgting compressor frame houses the crankshaft. T K
6. A centrifugal compressor frame houses the driver. T F
7. A centrifugal compressor has one or more compression cylinders, T F
8. A surface condenser is used to recaver steam from condensate, T §
9. Surface condensers operate al a vacuum on the steam side. T F
10, Exhaust steam does not 20 to a surface condenser. T F
[t. The angle type reciprocating compressor has all compression cylinders on one side of jts

crankshafl, T F
12. Reciprocuting compressors are usually not provided with a building because maintenance

is seldom required, ' T 3
3. For multiple reciprocating compressor installations, mats are always combined, T 3
14, Suction and discharge bottles are normally built in accordance with the ASME Section

VI vessel code. T F




Fired heaters come in many different sizes,
shupey wud iypes—frore ¢ ofl field steam
pener. too o n o Tt bovtors in process
plants. davee aes ociusive - steam generation

are not relerred 1o as heaters  toy are boilers. Most
fired heaters in process plants are either the vertical
type, so named heeause its radiant tubes are ver-
tical, or the box or horizonial type, shaped like a
hox, in which radiant tubes are horizontal, Figure 3-
| and Figure 3-2 picture these two commaon types.

Heater Parts

Most heater part names are identizal for vertical
and horizontal types. Refer to Fige es 3-1 and 322
for part leeations for the definitions which follow.

convection secticn  The heat transfer section
located dircctly beneath the stack, utilizing
heat from upward rising hot gases. Note
that even in the vertical heater, convection

tubes are horizontal,
radiant section The large part utilizing heat
radiating from burners. Although in some
horizontat heaters burner flames heat a
ceramic wall which radiates heat to tubes,
usually tubes receive heat directly from

* burners. :

78

ired Heaters

The heates part which burns fuel gas or
fuel oil, sometimes both, producing a flame
of intensive heat, Heaters are usually
elevated, with burners on the botiom.
However, horizontal heaters may have side-
mounted burners. Quantity and size of
burners are determined by the vendor accor-
ding to the heaters use
tube-pulling trolley For vertical heaters only. A

ring at the stack top used for replacing
tubes. Since companies utilize mobile equip-
ment for tube replacement today, few
heaters huve this trolley.
painter’s trolley A ring ncar the stack top from
which a steel cable stretches to grade level,
to be used when painting the stack.
stack The cylindrical part used {o transport waste
heat to the atmosphere and at the same time
produce a draft at the burners. Stack height
is determined by required draft and
ecological demands (fuel gas burns relative-
ly cleanly but fuel oil produces some
smoke). Stacks may be mounted on top of
the heater or may be grade-mounted with
farge ducts routing waste heat to them, In
heavily populated areas often several
heaters have ducts going lo @ common
grade-mounted  stack which may be 300
feet high or more. With this design, the
stack is usually concrete.

burners




Fired Heatars

PRINTER'S TROLLEY RING
COMPLETE WITH PAINTER'S TROLLEY
£ MIE° GALV. LINE 10 GRADE
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Figure 3-1. Vertical heater. Courtesy of Born Englheering Co.
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Figure 3-2. Horizontal heater. Courtasy of Born Engineering Co.




Fired Heaters &1

A flat steel plate located directly above
the convection section, connected to 2 shaft
and damper wheel. Control cabies at grade
allow operators to regulate burner draft by

damper

opening or closing the damper. Dampers -

can be connected so as to work automaticaj.
iy,

draft gage connection Usually a coupling located
just beneath the damper and in the radiant
section near burners. A differential pressure
iﬁslrumem, called a drafy gage, is connected
to these twao couplings and measyres the
Burner draft,
snuffing steam connection Usually a 2 in. coupling
located in both the convection section and
radiant sections. Lijve steam is used to
extinguish (by smothering) flames. If tube
rupture causes a fire, a snuffing steam vaive
is opened 10 introduce tive snuffing steam
into the heater, Large heaters have many
snuffing steam cennections.
stack transition A fabricated section below the
stack effecting the transition from the rec-
tangular heater shape to a cylindrical stack,
Is also used below the convection section Lo
reduce flow area between two rectangular
palterns.
access door  Removable door allowing entrance
into the heater to inspect tubes or make
repairs. Access doors must be kept clear.
fube support rings  The ring that supports tubes in
& vertical heater, Figure 3-1 shows this ring
at the top, however tubes may be bottom-
supported. Often, the piping designer cap
save tube support rings located to suit
piping expansion thereby helping to
alleviate stress problems.
header box  Section at the end of the tube which
contains 180° bends. Header box doors are
removable for inspection and must not be
obstructed by piping.
tube puides Merely direct the tubes’ expansion,
keeping them fron snaking, For vertical
heaters, In horizontal heaters, tube SUPPOris
also serve as guides,

tube rnchor A tupe point that is firmly attached to

: senicthing, anchored, directing expansion
away from the point of attachment. Applies
mainly to horizontal heaters.

observation doors Small doors opened by
operators (o view flame size and color and
tube glow color. Burner control vajves
should be located near these doors so fue)
flow can be regulated while wa tching burner
flame. These doors may be located in the
heater's sidewal] and must not be obstructed
by piping. They are commonly called peep
holes.

heater floor Hottom stee]
harizontal heaters,

pilot gas  Constant burning small flame which ig-
nites the burner fue

crossovers Not shown jn Figure 3.1 o 3-2,
Crossovers are piping connecting convection
tubes to radiant tubes. Crossover piping
may be located inside or outside the heater
shell. External crossovers must be insulated,
Such piping is usually (not always), fur-
nished by the heater vendor, although he
rarely supplies the insulation.

explosion doors Designed 1o give and relieve
pressure in case of an internal heater explo-
sion. Route piping clear of a4l explosion
doors.

plate of vertical und

Heater Passos

The fired-heater manufcturer is given fluid iniet-
tcmpcrat\_;rc, quantities and pressure as well 45 aul-
let conditions. His responsibility is to provide g
heater to meet the specifications, which inciude o
maximum allowable pressure drop from heater inlet
to heater outlet. He could gel proper heat {ransfer
by going through 32 tubes but thig would cause tog
muck pressute drop. Perhaps cight tubes are the
limit, causing maximum allowable pressure drop.
He must then size these eight tubes for proper heat
transfer. Each eight-tube section will have an ine(
and an outlet, comprising a heater pass. A 32-tube
heater with eight tubes to the pass will have four
passes, meaning the inlet fluid will be separated into
four equal flow pans, each entering the heater vig o
sepirate nozzle and each leaving via g separate noz.
zle. Each heater pass contains an identical ntmber
of tubes with identical Now and heat transler. The
piping designer must provide means to divide flow
equally among the passes.
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Duat Purpose Heaters

One fired heater may heat fluid for one or more
services. It is very common to generate small steam
quantities in fired heater convection tubes while
radiant tubes are heating hydrocarbons. Especially
in box heaters, one or two passes may heat the reac-
tor feed stream while other passes serve as a frac-
tionator reboiler. These heaters are called dual pur-
pose or dual service heaters.

Flow Through Heaters

Hydrocarbons usually flow counter current to the
hot flue gas flow. Flue gas is the hot gas flowing up-
ward and out of the stack. The coldest oil usually
enters the top of the heater, the convection section,
unless steam is generated here; the hottest oil exits
from the radiant section, usually at the bottom.
With this flow, the coldest oil absorbs the last
available heat from the flue gas, resulting /in
maximum heater efficiency. Not all heaters utilize
the convection tube design and: some have on%y i
rudiant section,

Figure 3-3 shows the four-pass radum-
convection and the two-pass radiant type helaters.
Figure 3-4 is of the radiant-convection type.

I. Locate outlet lines for adding snubbets near
elbows, tees or size increases, or at vertical runs
down heater to prevent excessive vzb.’atlon
should it develop.

2. Strong winds and grade changes can’ cause flue
gases to be blown into adjacent areas, creating a
hazardous condition. Stack height may need to
be increased beyond draft requirements,

3. Check with hydraulics engineer for symmetrical
piping requirements, usually nr.,ccssary only
with two-phase flow,

4. Supply minimum platform necessary for opera-
tion and maintenence,

wn

Tube movement should be directed to absorb
expansion of hot lines to and from heater.

Dircectiona! anchors shall be located, by heater
vendor, near the convection section tube ter-
minal connections to provide a minimum of |
in. deflection in horizontal and vertical direc-
tions normul to centerline axis of tubes,

6. When economics and flexibility reguirements
dictate relocation of inlet or outlet connections
to opposite end of heater is desirable, the in-
staliation of an additional wbe shall be con-
sidered.

7. Piping designer shall orient explosion doors
away from operating areas and other equip-
ment,

8. Platforms and pipe supports are to be designed
to transmit loads into the heater structure. Ven-
dor must be appraised of location and amount
of toad.

9. Beveled end connections for field welding may
be used instead of flanges for heater inlets and
outlets. If so, the piping designer must make
sure the hevel matches his pipe bevel,

10, Supply stairs to low leve! platforms at horizon-
tal and verticu! heaters. For box heater plat-
forms, with areas of over 200 sq. it., provide ad-
ditionul ladder e¢scape from cach platform at
end opposite stairway.

tl. Route lines as close as possible to heater main
structural members for supporting.

12. Crossover piping - check clearances. Find cut
whose responsibility it is to specify and provide
insulation.

Figure 3-5 shows details of radiant and radiant-
convection type heaters. [nlets and outlets are pic-
tured at the heater top: however, bottom outlet con-
nections may be supplied.

Figures 3-6 and 3-7 furnish typical details for

horizontal or box-type heaters.

The heater manufacturer selects the proper
burner size and quantity to match his heater's duty
and purchuses burners from a burner manufacturer.

Burriers may consume fuel gas, fuel oil or a
combination of the two, The combination burners

e e A
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Figure 3-5.  Vartical heater deta

arethe most commonly used as they provide greater
st tional flexabiity, allowing their owner 1o burn
colbgas when he s selling all the fuel oil he can
v and to switch back to fuet oi] when the market
uhsides. Since fuel oil is in greatdemand in winter,
ast heaters burn fuel g4s during cold weather,

Fuel gas is a vapor und ignites readily. Fyel il
o liquid, and often 1 viscous one. It must be
iporized to hurn properly. This is accomplished by
HEcting dtomizing steam and fuel oil together into
i burner oil gun, which blends the two fluids and
»:ads the combined vapor {o the burner firing tips.

Freure 3-8 and Figure 3-9 give burner details for
fottome-mounted installations. Side-mounted
burner details are similar. Since burners are
removed for cleaning or repairs, piping must be
designed to allow their removal, The piping designer
provides short flexible hoses to the burper of] gun
tipped connections, Hoses tofuelgas connection are
Gesirable to redyce vibration. If hosss are not

is

i1s. Courtesy of Fluor Engineers ang Constructors, Ing,

Bas, a union must be located to
broken away for burper removal,

Figure 3-10 and Figure 3-11 give piping details
for side-mounted burners in horizontal heaters.
Normaltly, plug valves are provided for fuel and
pilot gus burper controls, Globe valves ure shown ug
the linul throttling valve in fuel oj} and atomizing
stean lines. Fuel oil lines are shown as being steam-
traced (o keep the oil from solidifying in the liges
during cold weather or shutdowns,

Figure 3-12 shows header piping required [or
box heater burners. The fuel oil comes in one side,
circles around the back and returns to the rack. Fue]
oil piping is usually 4 circulating system, constantly
flowing, with supply and return header in the rack .
Both headers are normally steam-traced. While
only three burners are shown, this heater actually
has eight burners, four o each side.

Figure 3-13 shows how fuel oil, fue gus and
atomizing steam headers are bent into rings circling

supplied for fue)
allow piping to be
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TYPICAL VERTICAL HEATERS

(RADIANT CONVECTION ¢ RADIANT TYPES)

Flgure 3-5. Vertical Heater Datalls.

the vertical heater and supported from the struc-
tural frame members commonly called buckstays.

Figure 3-14 provides clevations at bumer piping
typical to Figures 3-12 and 3-13. Atomizing steam
comes off the header top to keep condensate {rom
going to the burner. Fuel gas headers could have
hydrocarbon condensate in them so burner piping
comes from the header top here, too. Pilot gas is
usually a small, 1/2" or 3/4", line and can be easily

supported from available platform. Pilot gas con-

nections shall also come off the top.
Refer to Figures 3-10 through 3-14 for the follow-
ing notes.

[. Ring headers around vertical! furnace mounted
above observation doors with vertical leads to
burners. Shut-off valves for steam, oil and gas
should be located in the vertical next to the
observation doors.

2. Pilot gas line must connect with supply system

upstream of main gas control valve and high
enough to insure dry gas supply to pilots.

3. Provide 3/4" valve at fuel gas header end to
manually drain any accumiulated condensaic,
This valve must be accessible from grade or
platform. If the plant has a low pressure blow-
down header, provide & line from this valve to
the header.

4. Pilot gas to burners shall have valve accessible
at burner,

5. Vertical heater access to observation doors may
be by ladder only or may have a small platform
supplied as shown.

6. On bottom-fired box heaters, the pilot gas .
header may be located under furnace floor.
Keep piping clear of peep holes, access doors
and burner removal area.
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/. For burners firing fuel gas only, shut-off valve pressure header is routed to the manifold at grade.
My be located beneath heater. Keep valve  Individual valves and souffing steam lines are
clear of burner for operator protection in case  routed to cach heater's section connections. For in-
of flash-back. If there is sufficient headroom, stance, w heater may have three snuffing steam con-
fuct pas header may be located below platform nections for the radiant section, two for the convec-
next o prlot gas. tion section and two in bottom header boxes, This

wotld call for onty three snuffing steam valves and

8. Forwet fuel gas, a local knock-out potisoften  tines, cach line going 1o a section where fire could
showa on flow diagrams. This pot should be  pe. Snuffing steam lines are usually 2" size.
located a minimum of 50" from heater flame.  Manifolds often serve three or four heaters and may
Main fuel gas shut-off valve shali also be 50’ have a dozen or more 2 lines going to heaters.

dway. Stnce these lines are not rormally under pressure,

. . they are nat ficld hydrotested from valve to heater,

9. Provide minimum hose length of 2'.0" Consequently, spans between supports can be
greater than for lines which contain liquid. High

Snuffing Steam point vents are not needed. 1/4" holes are drilled at

low points. Also note that there is no insulation

. supplied from valve to heater. Sauffing steam valves

Heater snuffing steam connections and purpose  are only opened during an emergency; so insulating
have previously been explained. Snuffing steam  the lines would be a waste of money, When live
originates at a snuffing steam mainfold which must steam is introduced rapidly, the lines will guickly
be located a minimum of $0° from the heater. expand, and guides must be provided to keep them

Figure 3-15 shows how steam from a medium  from snaking.
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Figure 3-9. Typical cornbination burner assembiy, Courtesy of Fluor Engineers and Constructars, Inc

Heater Locations except for reactors which are usually located closer
to keep expensive altoy lines as short ag possible and
to reduce Piping stresses and forces,
maintenance, fired heaters must have road access to

Many factors must be considered for optimum PECMIL 4 crane (o remove und replace tubing. Box
heater location. Some items are mandatory due to  heaters must have horizontal free dred, equivalent
safety and maintenance while others are desirable, to tube length plus §' for tube pulling arex, A
It is desirable to have heaters located upwind of  roadway must be blocked off and can be considered
process units tg"blow any combustible leaks away  as part of this tube removal area. Vertical heaters
from the open flame. Whiie not mandatory, current need only crane access arey since their tubes paltup.
codes recommend fired cquipment be located at Figure 3-16 shows a typical horizontal heater
least 50" from any equipment which containg focation in refution to the pipeway and rcads.
hyvdrocarbons. Most designers follow this policy  Distance 3, determined by piping marifolds und
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Figure 3-11. Typical burner piping with bottom supply. Courtesy of Fluor Engingers and Constructors, Ing.
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Figure 3-15. Typical snuffing steam manifold. Courtesy of Fluor Engineers and Constructors, inc.

control stations focated at the front of the heater
and clearance from a possible heater platform, is
usually 10-14". Dimension 6 is 2a minimum of 10" but
must utilize road width for a tube removal area. For
a heater with 40" tube length and a 14’ road, Dimen-
sion 6 would have to be 26° plus 5 ft—or 31"
Designers must not consider any area across the
roud as tube pulling area unless it is already a tube
pulling area for fired heaters located within another

unit. In this situation a common pulling areu 5 u
sensible solution.

Fhe ather 10" dimension is shown to wirs
designers that this is the minimum distance any
heater can be located from any road.

Figure 3-17 shows both vertical and herizontal
ficaters locuted 1n relution to o unit pipeway. Note 3
warns designers to locate hydrocarbon contuining
equipment a minimum of 50" from fired heuters.
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tocal codes and insurance regulations may dictate 10" However, platform and foundation clearance
2realer cledrance and must be investigated.  must be checked. It is very desirable to combine

Distance between two vertical heaters is normally  platforms for multiple vertical heaters.
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Heater Arrangements

While fired heaters are often utilized as reboiters
for fractionating towers, in today’s units they more
often provide heated feed to reactors in reformers,
unifiners, platformers and hydrocracking units,
Reboiler heaters normally have carbon steel piping
but reactor—heater piping is usually an expensive
steel alloy. For this reason, reactors are usually

tocated within 20-25' of heaters, disregarding the
noermal 50" distance requirement. This is especially
true for reforming units where flow is from reaclor
to heater to reactor, etc.

Figure 3-18 pictures vertical heaters and reac-
tors such as might be found in a reforming unit, A
sub-pipeway, located between heaters and reactors,
contains heater auxiliary piping and supports
reactor-heater alloy lines. Note 4 warns the designer
to constder reuctor access for removal and repluce-
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ment of catalyst. Combined top platforms and a
single monorail may be desirable if ali reactors are
about the same height above grade. '

Figure 3-19 shows multiple reactors with a box
heater,

Figure 3-20 is a heater-reactor train with the ad-
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Figurg 3-20. Heater arrangement C. Courtesy of
Fluor Englneers and Constructors, inc.

dition of steam generation. Here the heater convec-
tion coils are utilized for steam generation. Note
that boiler feedwater pumps and other steam equip-
ment ure pluced nedr the heater. They may be
within the 50' distance because they do not contain
hydrocarbons. Another possible location for the
steam drum is over the pipe rack.
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Flgure 3-21. Inlet piping manifoided at convection
section. Courtesy of Fluor Enginoers and Construc-
tors, Ing.
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Heater Piping

When a fired heater has convection tubes, inlets
are normally in the convection section. If the con-
vection section is used for steam generation, heater
process steam inlets are usually at the top of the
radiant section: they may be instead at the hottom,
particularly with vertica] heaters. Heaters may have
one or more inlet connections depending on the
number of passes; if the flow to each pass is not con-
trolled, the heater vendor is often asked to manifold
inlets and provide one piping connection.

Figure 3.2} shows a furnished manifold, with
one piping connection, feeding four heater passes,
Note 2 cautions the designer to notify heator vendor
of piping load and to have him furnish the support
steel. If a stress check indicates a spring hanger is
required, the vendor must be aware of possible
movement ut the manifold connection point,

Fired heater tubing is designed in accordance
with the ASME Section VI code; piping to the
heater is designed to the ANSI piping code. The
different material allowable stresses under these two
codes can cause a great difference in wall thickness
between the inlet pipe and the furnished manifold
pipe. If inside dizmeters differ more than 1/8 in.
taper boring is required by the ANSI code,

Figure 3-22 shows four convection inlets with
the flow to cach Pitss controlled by u globe valve at
grade and a flow indicator showing amount of fow
in each line. Note that the indicator instrument is to
be located at grude near the globe valve so the
operator can read flow quantities while operating
the vaive. Normally, orifice flanges are located up-
stream of any control or throttling valve; here they
are downstream. For this service precise measure-
ment is not as important as relative flow, The
Operator needs to have the same flow in ecach pass.
While quantities may not be indicated precisely, the
flows will by relatively identical it orifice Nanges urc
downstream of the globe valve, Locating orifice
flanges here also saves considerable cost,

Note that the globe valve manifold header is not
supported from grade byt only guided. Support is
accomplished at Note 2 with rod or spring hangers,
A firm anchor might be located here with expansion
going up and down from this point. Then the
harizontal convection iniet legs would have to be
long enough to withstand upward movement and
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Figure 3-22. Inlet piping with manual control. Courtesy of Fluor Engineers and Constructors, Inc.

the bottom manifold guides or sprmgs would take

the downward cxpansmn

Figure 3-23 has piping again gomg to a four~
pass convection section. Now, however, a control
valve has been added to replace the globe valve of
Figure 3-22 and the orifice flanges are upstream of

this control valve. This more expensive arrangement
is desirable for certain services where precise con-
trol is necessary, Often these control stations are
FRCs, flow recording controllers, with rcccrdmg
and controlliag- @pcratxons iocatcé in the main con-
troL building- ¢ ~. o =07 ©
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inlet piping with awtomatic control, Courtesy Fluor Engineers and Constructors, Ing,
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Figure 3-24, Qutlet piping manifold. Courtesy of Fluor Engineers and Constructors, Inc,

Figure 3-24 shows a furnished header with a
flange for piping connection. This could also be a
beveled end for weiding. An anchor point at #] is
desirable, with heater expansion absorbed by the
heater vendor’s design. While it is shown as the out-
let, it could also be an inlet manifold.

Figure 3-25 depicts an eight-pass vertical heater
with & ring header not provided by the heater ven-
dor, collecting flow from eight bottom outlets. The
piping designer has planned the ring with a radius

about 2' greater than extremity radius of the heater,
Ring support is shown at point 3. If it is to be sup-
ported from the heater, the vendor must be in-
formed of the expected load. Grade support is most
common and has the advantage of keeping full con-
trol within the design office. Number 4 reminds the
piping designer to have bottom-supported tubes
with this arrangement so heater tube expansion is
forced upward and not into the piping. Number 5
points out that, if possible, outlets or inlets may be
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Figure 3.25,

ttonomical piping arrangements or satisfy flexibil;.
'Y requirements,

L Two-Phage Flow

All piping discussed so far has been for single-
phase flow which can pe controlled with globe
vaives or contrg] valve stationg and verified th rough
orifice flanges, Two-phase flow presents ap entirely
different problem. Wi both liquiq and vapor
ﬂowing‘!hrough the line at the Same time, meter

|
o
h

Fired Heaterg 105

Frtrs /jr‘?l?fNC]C&)c"aV/ PREFE2zop
PROVIOING riars a s Frao

Cl.c‘:ffeff\/at‘ Ar e ,Afc;wme.

[ =
I ) 2
N Vs

:]

/

/'

p— :‘;a@;uc/—éoﬂc;mef FROw
eprern shers o Lo -
\:th::c:rs//“ Sppen - FRon
G240

Cutiet plping ring header. Courtesy of Fluor Enginaearg &nd Constructors, fng,

Tuns are useless ang flow can not be controljed by
valving. How can two-phage piping be controlled 5o
that each heater Pass handles the same flow?

Symmetricaj Piping
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_NON" 5YM s ErRICAL LIMMERICSL PromNe
CONFIGURATION 4R ouriEr

(FOUrR 455)

Figure 3-28. Symmatrical and nonsymmetrical piping. Courtesy of Flyer Engineers ang Construc-
tors, Inc.

Figure 3-26 shows a four-pass heater outletatg  pe connected into the manifold ag pictured in the
vertical heater, Note that pipe length and number of  lower left, pressure drops for the two would not be
fittings are identical with two outlets going into a  the same. Since fluids take the path of least
short header and these two sub-headers are routed  resistance, flow would not be identicy! in this non-
with identical pipe and fittings to the point where Symmetrical example,
they connect into one outlet. Should points 4 and B Figure 3.27 shows another method for
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Figure 3-27. 3ymmetrical flow at four-pass heater, Courtesy of Flyor Engineers and Cons:ructors. Ineg,

dividing flow equally. Here the single feed line is one line,
divided by horizontal tees into two streams and the

Same type arrangement divides each of these into  dow
twa other equal flow streams. This division could be sym
repeated several times depending upon the number welds. This makes ;
of heater passes. Outlet piping should be similar to  unless abgo]
the inlet system, Two-phase flow piping must be  yse symmetrical
Symmetrical for both inlets and outlets, maintaining s not to use it wh
identical pressure drop for each pass from first
stream split until the final outlet is combined into mistakes.
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Figure 3-29. Heater Instrument connections. Courtesy of Fluor Englneers and Constructors, Inc.

Heater Instrumentation

Cerlain minimum instrumentation is necessary to
ensure proper check and control of heater perfor-
munce whether box or vertical type. Figure 3-29 in-
dicates usual instrument connection locations. Item

4, flue gas sample connection, consists of a coupling
and valve and must be accessible from ladder or
platform. ltem 9, lemperature connection #t each
outlet, is shown on the heater tube as g reminder
that one is needed. It is not furnished by the heater
vendor and must be located on piping after the
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Flgure 3-30, Flame scanner or firaye. Courtesy of

heater flange shown. [tem 5, a flame scanner, i3
shown in greater detail in Figure 3-30. These
automatically detect flame failure and either sound

an alarm or shut off fyel supply to the burner,

Fluor Engineers aﬁd Constructors, Ine.

Figure 3-31 descrihes types of temperature con-
nections and furnishes installation details, Ail those
shown are full couplings: the flanged thermowe]l is a
long welding-neck flange.
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Figure 3-3%.

'Thefmgﬁeiincdhnééﬂéh details. 'Cburtasy of Fluor Engineers and Constructors, Inc.
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Soot Blowers

Soot blowers are specified for heaters that use oil
for fuel, As the oj] is burned, soot builds up on the
tubes exterior and reduces heat transfer, Soot
blowers are then activated to rid the tubes of soot.
Steam is blown through a lance, striking the outside
of the tubes which dislodges the soot, After the
operation the sool blowers are turned off until need-
ed again which may be several months.

There are two basic soot blower types, retractable
and rotating, non-retractable. Both have gz small
motor which is usually air-driven but may be elec-
tric, Access platforms are required for maintenance
of motors and soot blowers, Figure 3.32 shows both
types. Item 9 reminds the designer not to obstruct
lance removal area with piping. Item 17 shows that
steam piping must slope away from soot blowers to
easure that no liquid condensate can enter the lance
and make contact with g hot tube. If the vendor
does not provide piping, he will provide a flow
schematic showing necessary slope. When soot
blowers are purchased they often have g piping
furnished. The designer must check his layout for
adequate Support and provide Supports an the
heater, The vendor's schematic will also show the
Steam drain going to an open funnel. Do nos con-
nect this to a steam trap,

Decoking Tubes

While soot may accumulate on the tube exterior
surface, coke builds up inside tubes, greatly reduc-
ing flow and heat transfer, Coke build-up occurs in
very high temperature services where the heater feed
sz relativefy heavy hydrocarbon. Reboiler heaters,
for instance, seldom coke. Heating services subject
to coking are vacuum, crude charge, and reformer
heaters,

Heater decoking is accomplished by shutting the
heater down, ridding tubes of all hydrocarbon
vapors and then heating the tubes from the outside
while steam, injected into the tubes, blows coke
from their inside walls. After steam has spalled
{cracked) most of the coke from the tube, air is in-
troduced to burn the remaining tube coke. Burning
coke shows as a red, hot spot which progresses
through the coil as coke burns and is visible from
heater peep holes, Normally, one pass is decoked

~while steam is flowing through the other passes to

prevent tube damage due 1o overheating,

Figure 3-33 shows ane method cfaccompiishing
decoking. Although decoking connections normally
are provided ifi the original design, steam, air and
water piping is installed temporarily during the
decoking operation and removed when decoking is
completed.

Figure 3-34 shows typical piping at a horizontal
heater and outlines the decoking procedure,

LROVOM G bl R A
N LAt Psicoidf, ™
rme
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ATING Woad  EETHA 7. ta.lal 3

Figure 3.32, Soot blower installation, Courtesy of
Fluor Engineers and Constructors, Ing.
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Figures 3-33,

Heater Glossary

Muany heater terms have been explained; some
have only been stated. The piping designer
must know heater terms. The following heater
glossary will be a handy reference,

atomizing steam  Steam used to vaporize the fuel
il at burners

air plenum Chamber enclosing burners un-
derneath furnace, Equipped with Jouvers which
control combustion air flow to burners.

air preheater  Device that heats combustion air by
atilizing flue gas as heat source.
arch Roof of radiant sectjon.

breeching  Ducting that connects one of more

Flow diagrams, steam-air decoking, Courtesy of Fiuor Engineers and Constructors, Inc.

heater stacks into a common stack. Also, duc-
ling from sections of onc heater that dis-
chirges into the heater stuck.

bridgewall  Brick walls inside neater that divide (he
radiant section into separatelyfired zones.

buckstays  Exiernui steel that forms the supporting
framework of the heater,

burner  Devices that feed Tuels and air of proper
mix to the radiant section of the heater,
Burners can be cither for fuel gas or oll or &
combination of gas and oil.

casing  Steel shell which encloses the heater,

convection section  Section above radiant section
that houses convection tubes which receive
convection heat before flye guases pass out of
the stuck. :
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crossovers
exterior of the casing.

ceil (See pass.)

decoking Cleaning coke deposit from interior of

tubes with steam and air as the tubes are
heated externally,

draft gage Instrument that measures the pressure
flow of gases through the heater.

damper Rotating stee] plate in stack which con-
trols the draft of exhaust gases released
through the stack 1o atmosphere,

damper controller Manual or automatic device,

normally operated from grade that regulates
the position of the damper,

flue gas  Spent gases which
to atmosphere

pass through the stack

fins (extended surface} Metal in the form of fins or
studs welded to tube exterior or extruded as

part of it for the purpose of increasing heat
transfer surface of tubes

fire eyve Flame scanning device which, when 1
burner fails, cuts off fuel suppiy.,

headers Tubes and return

bends joined together to
form a pass,

header box Housing for retyrn bends, normally

provided when heater is cquipped with plug-
type return bends.

lance doors Access doors in convectjon section
provided for insertion of a steam lance to clean
exterior of convection tubes,

manifold Common header (externaly into which
all terminals from each pass are connected

Piping which connects convection tubes
to the radiant tubes, Normally, crossovers are

Process Pipi ng Design

observation doors Doors used 10 observe burner
flames or heater tubes

pass  Bank of consecutive tubes through which the

fluid traveis from the point it enters until it

leaves the furnace

plug headers Special type return bends having

removable plugs for inspection and cleaning of
tubes

refractory Ceramic insulation that reduces heat
foss and protests casing and structure.

return bends Waelded {-hends or plugged, rolled
fittings that connect tubes

shield shock tubes The bottom tubes ip the convec-

tion section in'-¢clése contact with the radiant
flame

skin thermocouple Special thermocoupie attached
to outside of tube wall which measures the
metal temperature

snuffing stcam  Has two purposes: (1) Ektinguish 4
fire caused by tube rupture: (2) Purge heater
before fight-off.

sootblower Retractable or fon-retractable per-
manently installed [ances that rotate and spray
steam 1o clean tube exterior

tubes  Straight lengths  of pipe joined by return
bends

tubesheet  Metal sheet with tube openings near (he
return bends for Separating convection or
radiant section from header box

turbining  Mechanical cleaning device used 1o
clean inside of tubes; normally a flexible hose

with rotating or vibrating cleaning head on the
end and driven by air

terminals  Inlet and cutfet connectians
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Review Test
Chapter 3

The student should be able to answer the following questions without referring to the chapter,

L

2.
3

12.
13,
14,
15,
16.

17,
18,

19.
20.

The two main heater sections are and i
—— ———
In process heaters, steam js often generated in thew section,

A combination burner will burn - and ___

What is the purpose of a drafy gagc?‘\\\
Explain the Purpose of snuffing ste&m.\\K
Deﬁnecramover.._._.-_,._ — i
What 5 g heater pass? ___ I - N
What is flue gas?

T ———

———

Why do heaters need soorblowers? \
10, What is the purpose of aﬁreye?\ 

I

Define spmmetrical piping, W\\Km

Symmetrical piping is always used forw
————
Heater tubes are designed in accordance with what code? T ——

Horizontal heaters are commonly called heaters.

Locate snuffing stream manifolds _____ feet from heater,

The clearance between two vertical heater shells i normaf!y\m

Horizontal heaters should have tube-pulling free areg equal to the tuhe length plas

Heaters should be focated (upwind) (downwind) of process units, —
——————

What is the purpase of a peep hole?

What is g buckstay?




4 Exchangers

The heat exchanger is a device in which two fluids
flowing in opposite directions can exchange heat
through a solid boundary or surface. The rate of
heat exchange between the hot and cold streams is
determined by the fluids' physical properties, flow
rates and temperatures and by the surface
separating the two streams.

Of the many available heat exchangers, process
plants most often employ the shell and tube, double
pipe and air cooler types. Of these three types many
Gesigns may be specified, Proper piping design
requires a good working knowledge of exchanger
types and designs.

The basic rule for piping at all heat exchangers is:
Sluid being heated shall flow up while fluid being
cooled shall flow down. This can also be expressed
as hot stream in at the top, cold strean: in at the bot-
tom.

There are rare exceptions to this flow rule.
Generally, if no condensing or vaporizing can occur
during heat transfer, flow can be routed in any
manner, However, for best heat transfler, reverse
flow must be maintained. This means that if the
lfow is going in the bottom and out the top of the
shell side, the tube side, or channe!l end, must have
flow in the top and out the bottom.

Mechanical flow diagrams show proper flow
threugh exchangers, Piping desigaers should always
question flow patterns which violate the basic rule.

116

- Double Pipe Exchangers

A double pipe or finnbe exchanger consists of
two pipes, one inside another. The inner tube is
usually finned to provide a larger surface for heat
transfer. Double pipe exchangers are used where
flow and necessary temperature transfer are rather
small,

Fintube exchangers are generally applicable when
one fluid is gaseous, viscous or of small quantity,
They are particularly desirable for high pressure
services because their small diameter is conducive to
tow cost construction. Their moduiar design assures
maximum flexibiiity of application since sections
can be stacked vertically or norizontally or both to
attain desired heat transfer. Also it is simple to
reuse these units in other services, utilizing one or
more sections as needed.

Figure 4-1 shows one tube. These U-shaped
tongitudinal fins are welded to the tube to form a
unit. Fins can also be formed by an extrusion
process. For special applications they may be on the
inside or on both inside and outside of the parent
pipe.

Figure 4.2 shows a complete single unit with parts
named. The shell side is furnished with companion
flanges so that piping can be connected to a beveled
end. Tubeside connections are supplied with u flung-
ed assembly to allow tube hawrpin to be dis-

)
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Exchangers

Figure 4-1. integral one-plece fintube,

Courtesy of
Brown Fintube Co.

connected from piping. The tube or hairpin section
will be pulled from the return bend housing end.

These units are almost always instailed as multi-

ple modules. They are normally spoken of in mul-
tiples such as 3 wide by 2 high”, which refers to 6
modules to be installed in 2 layers of 3 side-by-side
units each. Support saddles are provided with holt
holes on all four sides for modular bolting and are
not fixed to the shell assembly, leaving foundation
spacing to be determined by the piping designer.
Sometimes one or two units are bolted to vertical
steel columns and no separate concrete foundation
is needed.

Figure 4-3 provides installation and disassembly
procedure pius dimensions for the Type 40 fintube
unit. Procedures listed are common for almost all
double pipe heat exchangers. Notice that the 114"
Schedule 80 tubeside weld connection is provided
with a flanged disconnection joint (in other types
this may be a union joint.) There is always some
type of joint which can be disconnected to permit
tzbe removal without disturbing connecting piping.
The piping designer should nor provide unions or
flanges with his piping. :

Figure 4-4 gives dimensional data for high
pressure sections, The basic design 'is the same,
however, notice that the shell side flanges are now
6004 standard and no companion flange is provided.
While RTJ fucing is shown, any desired facing can
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be provided. High pressure ugits are cemmoniy
specified  for process plant installations, Low
pressure units are usually limited to utility services.
Figure 4-3 gives fintube nomenclature and
pretiminary dimensional information. With this
data the designer only needs the exchanger number
to delermine adequale dimensions to complete the

piping layout - Final dimepsions must comefrom the

.. vendor’s' certified Gutline drawing, = |
Figure 4-6 is an  isometric view:-of ‘dpiping
arrangement at double pipeexchangers. With the
series arrangement, the vendor supplies tube side
return bends but the piping section must supply
Shel[f_gsic;ie ihti‘:fciy:irzccting piping.

o

K;._énd Tube Exchangers

. Sheli
Shell and tabe type exchangers are the ones most
“commonly specified for process plants today, These

exchangers ure designed in uccordunce with the
TEMA (Tubular Exchanger Manufacturers
Association) code. TEMA also specifies exchanger
part types in a letter code which tells the designer
what the exchanger looks like.

Figure 4-7 shows the letters and meanings for
shell and tube exchangers. Before receiving any
drawings, the piping designer gets an exchanger
data sheet including the exchanger type, such as
type AKU. By referring to Figure 4-7, the channel
end will be type A, sheil type is K and shell cover
type is U. Putting them all together, the designer
knows this is a kettle reboiler. This code can be
deciphered for all exchanger types.

TEMA ulse supplies detailed design criteria as
part of the TEMA code. TEMA R is.the selected
code for use in refineries and TEMA C is specified
for most chemical plants. TEMA C design is for
less severe operation and results in a lighter, less ex-
pensive exchanger. For students wanting full ex.

“changer design data, the TEMA code is availahie

from most technical book stores and exchanger
fabricators.

Basic Parts

Figure 4-8 shows basic exchanger parts. Flow
entering the nozzle, item 4, at the channel or
tubeside end meets the pass partition, [tem 25, and
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PARTS LIST

When ordering parts, fumish serlal number as shown on the namaplate and designate

ports required by number and name as shown in the following tables.
_ (o—\. @ "
2 1 .+. _L 0 -2

rFe
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&

SREgR
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1. Shelf Assambly ‘15, Shell Naozzie Bolting

2. Tube Assembly ' 14, Brackel Bolts

3, Cover Plate’ 17, Cover Gasket

4, Compression Flange 18. Fintube Garket

5. Sacling Ring 19.  Shaell Nozzle Gasket

6. SphtRing - o 20. Hamepiate

7. Fintube Fitting . Flange Y . " _
8. Fintube Stub End Flange. - ' | RECOMMENDED SPARE PARTS INVENTORY

©

10. t Tvbe 'Ri'ium Bénd Connector
11, P
12 Shell Nozzle Companion Flange
13, . Cover Plate Bolting

f*","‘ 30&!&“.;&0&5&9 T

Two Cover Gaskets (17)

ST A

PER SECTION

Four Sealing Rings (5)
Four Fintube Gagkets (18] Two Split Rings {6)
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INSTALLATION PROCEDURE

1. Mount the sections as shown in the recommended

arrangement on the certified drawings. Be sure the
shell nozzle gasketa are in place, but do not tighten
the shell nozzle bolts or the bracket bolts. Note the
oblong holes in the brackets for alignment. Align

5. Tighten shel! nozzle bolting and bracket bolts. The

bracket and shell nozzle bolts are left loose initially
to provide the section with a little give, in case
there is difficulty in connecting the tubeside return
bend connectors. Once these connections have been
bolted in place, all other bolting may be tightened.

the sections so that the fintube gasket facea are

in the same plane. 6. Place the fintube gaskets in position in the inlet

and ocutlet fintube stub end fanges and assemble,
using the proper tube side bolting. If the sections
are arranged in parallel, these stub end fAanges will
be attached to the manifolds. Tighten bolting.

Note that companion flanges are furnished on both
the shell and tubeside of these sections, thus eliminat-
ing thia expense for you. These companion flanges can
be attached directly to any manifolding which may
be required.

2. Slip the fintube fitting flanges over the projection
of the tube assembly, place the split rings in the
groove provided in the fintube fitting and move the
flange forward to hold the split ring in poaition.

3. Asgemble the tube sida return bend connectors. Be
sure that the fintube gaskets sre in place and the
joint is centered a6 as to bear on the gasket and
not ride up on the edge of the fintube fitting.

4. Tighten all tubeside bolting evenly. ’

i e RS

DIMENSIONS OF LOW PRESSURE
TUBE SIDE - TYPE 40
{(APPROXIMATE)

DISASSEMBLY
f PROCEDURE

Fintube hairpin elements are easil ¥
rernoved from the shells as follows:

1, Remove shell cover plate bolt-
ing and cover plate.

2. Remove the tube gide bolting
and tube return bend connectors
and inlet and outlet connections.

3. Loosen and remove the com-
pression flange by striking the
lugs with a hammer in a coun-
terclockwise direction. When: re-
assembling, place lubricant such
as “Molykote” between sealing
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ving and face of compression Wlt THe LONG HOIILE GATKET o i" 3.'!
flange. BRACKET SOUTS " SO0, 80 T gy e L
4. Remove the sealing rings and - e b g7 o

& push the tube element straight o GVERALL LENGTH 1
;% back through the ghell, After
% the tube element return bend HEAT
b 3 i i
% may ‘g;‘;fm‘f*;‘:ifh""' the element EXCHANGER | OVERALL | OVERALL | OVERALL] FIN |70 REMOVE
3 NUMBER LENGTH | WIDTH | HEIGHT | LENGTH| MARR PIN
z REMOVAL OF THE TUBE ELEMENTS
I N B ST B B BT e
?"f THE SHELL O TURE SIDE Pipine 40-1XXXX-X20 | 217w 8" 1347 [19iet] 21080
7 STRATAHT BAGK THENaciS REMOVED 40-1XXXX-X25 | 267" | 8" 13%° [ 24%7 26°5"

Figure#-a‘ Installation, disassembly and dimensions. Courtesy of Brown Fintube Co.
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is diverted into the tubes. The tubes, Item 8, route
flow to the other end and back to the channel outlet
nozzle,

Shellside fluid enters nozzle 6 and makes contact
with the outside of the tubes. Transverse haflles,
Item 11, are located so that they force this fluid to
flow up and down, making the most efficient tube
contact and therefore attaining maximum heat
transfer on its way to the outlet nozzle.

The tube bundle is comprised of the tubesheer,
Item 5, and the tubes attached to the tubesheet. By
removing the channel section the entire tube bundie
can be pulled out from the exchanger for cleaning,
repairs or total replacement. Not all exchangers
have removable tube bundles. Nonremovable tube
bundle exchangers are called fixed rubesheet types.
Exchangers which have remavable tube bundles
must have a free and clear area provided for

- maintenance equipment to handle them. The clear
area should measure five fect longer than the tube
length, measuring straight out from the tubesheet.
Truck access must be provided.

When exchangers are provided with a removable
shell cover (See Figure 4-8, Item 16) the piping
designer must provide a clear area to remove and
handle this heavy item also. Since the shell cover is

%118 X 3T LOMG e {I} FIN LENGTH -
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g
I MOVAME saacxmm” o
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004 ALA
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s (B} OVERALL LENG TH e ond

WiL0 COMNICTION
i

ng Design

usually lifted and carried from overhead by a sinalt
crane, piping should not be routed directly over it.
_Figure 4-9 provides parts nomenclature for kettle

~type reboilers. In this type of exchanger the heating

fluid always enters the channe} top flange, Item 4,
and exits via the bottom channel nozzle. The main
purpose of the shell side is to vaporize liquid enter-
ing Nozzle 7 near the shell flange. Vapor exits
through Nozzle 7 at the top of the exchanger shell,
The weir, Item 10, is a dam to keep the tube bundle
covered with liquid at all times. Surplus liquid
overflows the weir into the shell cover area. A leve!
controller is piped to Connections 8 and maintains
liquid level in this section at about half the weir
height. Surplus liquid exits via the Nozzle 7 in this
section. Normally a level gage altows visual ex-
amination of the liquid level behind the weir,

v o

Vendor's Prints—Outline Drawings

Exchanger fabricators must make many detail
drawings for use of their shop. First they must
prepare an outline drawing for approval showing
the basic exchanger, shell and channel nozzles, sup-
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Exchangers
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Figure 4-56.  Fintuhe nomanclature and praliminary dimensions. Courtesy of Brown Fintubs Co.,

purt focation, layout dimensions and design data.
Figure 4-10, is a certified outline drawing of a shell

amd tube exchanger,

Checking this drawing is basécai'iy the piping
desigiter’s responsibility. The design data section
can be checked from the exchanger data sheet,

Exchanger nozzles and flow can be checked from
the flow diagram. Support location and spacing
must be checked. Always check any nozzles located
on the bottom of the shell to make sure they clear’
not oaly the supporting saddie but also the SUppor-,
ting concrete or steel. Nozzle S2 flange is 3" lower
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Figure 4-6. Plping Arrangement at dauble pips exchangers. Courtesy of Fluor Engineers and Construc-
tors, inc.

than the saddle. Will the flange clear a concrele idea to draw the reboiler 10 scale, locating all
foundation 1"-6" wide? nozzles and supports 1o see that they are actually
Figure 4-11, is e preliminary outline drawing of located in the best possible positions. This exercise
a kettle reboiler which might come 0 2 piping  would immediately show that the level controt
designer to be checked. An error has been built into  nozzles, S6, are on the wrong side of the weir in

this drawing, Find the error in nozzle location  Figure 4.11 and could not control the liquid level
behind the weir. The student is to draw Figure 4-

before reading any farther.

Notice that these outline drawings are not to 1110 scale and sec what other items are pictured out
scale, 1f a scale piping layout has not been made by  of true relationship.

the time this drawing has peen received, it is a good After the piping designer checks this preliminary
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Figure 4-7. TEMA exchanger part deflinitions.

outline drawing, a marked print is returned to the Thermosiphon Rebgoilers
vendor noting all errors. The {abricator will correct
his drawing, an authorized engineer will sign it as Thermosiphon reboilers may be horizoatal or

certified and he will start his detail drawings, New  vertical exchangers. Figure 4-12, A horizontal
certified outline drawings are also issued. thermosiphon reboiter outline drawing, is a BHU
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Figure 4-8. Cross section, Type AES exchanger,

special design. Notice the shell side double inlets
with a vertical baffie splitting their Now. This is call-
ed a double spilt flow shell type. Horizontal ther-
mosiphon reboilers are narmally located neur grade
on minimum height concrete foundations. '

Vertical Condensers and Rebecllers

Figure 4-13, shows a type BEM exchanger;
mounted in a structure and used to condens
overhead vapors from a Crude Column. Notice tha
the channel side is only one pass. The inflow is al
vapor, entering Nozzle T1. Liquids and vapor exi
from Nozzles T2 and T3, The 72" OD vertical
exchanger is supported by four fugs shown in View
X-X. :

Verticut thermosiphon reboilers are very much
like the one shown in Figure 4-13 except the flow is
opposite—the tube inlet being at the bottom and the,
vapor outlet at the top. These reboilers narmaii
have two lugs and are supported from the tower
they serve,
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> CHANNEL FLANGE Figure 4-9. Cross section, type AKU rebotilier.
3. INSTRUMENT  CONNECTION Courtesy HeaTran, inc,
4. CHANNEL NOZZLE
5. PASS  PARTITION The meghanical fow diagram will show 4 flooded
& SHELL condenser focated befow the accumulator.
7. SHELL NOZZLE Overhead condensers will be shown higher than the
8. LIQUID LEVEL CONNEGTION accumulator.
9. SHELL COVER Exchanger Nozzles
16, WEIR

1T, CHANNEL

2. TUBESHEET

3. SHELL FLANGE

14, SUPPORT

5. TIE RODS AND SPACERS
16.  SUPPGRT PLATES

I7. TUBES

Horlzontal Condensers

There are two basic horizontal condenser types:
flooded and overhead: visibly, the difference is in-
distinguishable. The flooded exchanger is designed
to have all tubes covered with the liquid being con-
densed. [t is located at grade with the liquid outlet
piping rising up to go into an elevated accumulator.

The overhead condenser operates with only part
ol its tubes covered with condensed liquid and must
be clevated above the accumulator which receives
its liquid—requiring an expensive structure to sup-
rort it

In the past, dittle creativity has gone into the
design of exchanger piping. Presented with a con-
ventional exchanger drawing, showing conventional
nozzles, designers have applied conventionl piping
design. Perhaps they have not realized the dozens of
nozzle options available for creative piping.

An exchanger nozzle normally consists of a short
picce of pipe and a terminating flange pointing
either up or down for bolh shell and channel sides.
fn many situations horizontal nozzles or nozzles
oriented 10°, 20°, 30° or so from the vertical would
creale a more economical piping layout, Often, ad-
ding an elbow between the short piece of pipe and
the flange can reduce the necessary foundation
height for nozzles 10" and larger at the bottom of
the shell or channel side of the exchanger. Adding
elbows 1o inbetween nozzles of stacked exchangers
operating in different services will reduce the toru!
height of the stack facdlitating maintenance and
reducing cost. Channel side tangential nozzles ofien
save piping costs and make a neater design,
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Figure 4-10. Brine heater outline drawing. Courtesy of HeaTran, Inc.
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Heat is transferred more efficiently when meeting
streams have the closest temperature range.
Referring to Figure 4-8, this means that the top
shell nozzle, Item 6, is where the hot stream might
enter to be cooled or condensed. The cooling
medium in the tubes will be at its warmest at this
point, before leaving the exchanger by the top
channel nozzle. However, in many services this rule
can be violated and the nozzle may be located near
the back sheil flange, Item 22, if this arrangement
produces better piping routing. If the shell side is a
one-pass unit, the bottom outlet nozzle must also be
relocated next to the channel end. This type of noz-
zle relocation must be cleared with and approved by
the vendor,

To aid piping layout, the basic rule of
routing may be broken when handling fluids which
are all liquid or all vapor and heat exchange does
not alter their states. These conditions being met,
heated fluid may flow down and cooled fluid may
flow up. But this can never be done if any conden-
sing or vaporization occurs in the exchanger,

Furthermore, for ali-liquid or all-vapor services,
the reverse flow rule may be broken with approval
from the vendor. This flow change can affect heat
transfer efficiency and in non-critical services will
be approved.

It is important for the piping designer to know
that the above nozzle alternates are available; it is
more important to recognize when they can be
applied for better piping design.

.Nozzle Relnforcement

Exchanger shell openings are usually reinforced
to compensate for metal removed to accommodate
the nozzle connection. Often extra reinforcement
may be applied to withstand forces inflicted by the
thermal uction of connecting piping. Piping thermal
forces must be calculated by the piping designer
and, when greater than the normal allowable, must
be transmitted to the exchanger manufacturer who
can check reinforcement capability and often can
add stiffness to nozzle and joint detail to withstand
additional external forces. The added cost of ad-
ditional reinforcement is offset by savings in the
piping configuration.

The vendor will make every effort to comply with
a customer’s request, however he has his
Hmitations. Usually therma! forces of 25-50%
greater than the normal allowable can be handled
by extra reinforcement. Larger forces require that
the piping configuration be revised to reduce them
to within allowable limits.

Alr Coolers

Air ‘coolers perform their cooling function by
flowing cooler air around a bank of finned tubes
such as those previously described. Great quantities
of air are forced through the air cooler by large
fans. The combination of finned tubes and the air
circulating fan(s) has made FIN-FAN, which is ac-
tually a registered “trade mark of the Hudson
Products Corporation, the common term for air
coolers. _

There are three main categories of air coolers,
coil shed, standard and humidified.

Standard Alr Coocler

The standard air cooler is used in most in-
stallations. Figure 4-14 is a model of a forced draft
type. The term comes from the fact that the fans are
located below the tube cell, forcing air up through
it. The other type of construction is the induced
draft air cooler, in which the fans are located above
the cooling cell, blowing upward and thereby in-
ducing air to flow through the tubes.

The Cell

Figure 4-14 is a one-celled unit. A cell is a com-
plete set of cooling coils with inlet and outlet nozzies
for connecting piping. This unit is an even-pass cell
with inlet and outlet nozzles on the same end. By
even-piss, it is meant that the fluid passes from one
end of the cell to the other an even number of times,
usually two. four or six times. An odd-pass cell
would have the inlet nozzle (the cell top nozzle) on
the front side as shown; but the outlet nozzle (the
cell bottom nozzle) would be on the opposite or
back side.
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Figure 4-14.. Forced draft alr .cooler modael,
Courtesy of Hudson Products Corp.

This unit is to be mounted on top of a pipe rack,
hence the tweo walkways for fan motor access for
mainlenance. Two vertical electric motors are
shown which turn the two horizontal fans.

Figure 4-15 shows a single air cooler cell, This
cell, sometimes called 2 tube bundie, is odd pass,
having three inlet nozzles shown on top of a plug
type header, In a plug header cach tube has & plug
which can be unserewed to allow cleaning rods to be
inserted or the tube to be replaced. Flanged-type
removable-cover header boxes are also available but
are much more expensive.

An air cooler unit may have one or many cells.
Separate products may be cooled in multiple cells in
one air cooler frame, These cels are individual units
lifted and set in place after the structural frame is
crected, They ars not secured in any way but merely
7est on the siructure, Notice the lifting eyes shown
in Figures 4-14 and 4-15,

Figure 4-16 shows a forced draft, plug-type
header, odd-pass unit being lifted. The horizontal
steel members beneath the four legs are only for
shipping stiffness and wil| be removed when the unit
is finally set in place. The lifting eyes on each end
will also be removed to allow free cell movement
during operation,

Pipe-Rack Mounted Air Coolers

It is very common to mount air coolers on tep of
process unit pipe racks. Grade-mounted air coolers
occupy valuable real estate. When the piping

designer elects to rack-mount air coolers, he must
consider rack width and cell tube length. As g
maximum, the pipe rack width should be the cel}
tube length minus 2', For 32° tubes the maximum
rack width would be 30 For 30" tubes the
maximum rack width would be 28’. This 2’ distance
will allow the cell supporting structure to be free
and clear of inlet and outlet piping.

For adequate support of the air cooler structure
the designer must also consider a minimum pipe
rack width of 0.75 x tube length. With 32 tubes the
rack width must be at least 74°. The maximum and
minimum limitations must he remembered when
rack-mounting air coolers.

Odd Versus Even Pass

Piping runs cap often be minimized by having
both inlet and butlet connections on the same end of
the cooling cell. Sometimes the piping would be
more economical if the connections were on op-
posite ends. The piping designer may specify the
desirable number of passes to suit his piping.
However, he must remember that the cell unit is
designed 10 process specifications which allow a cer-
tain pressure drop through the unit. Changing the
number of passes will require more pressure drop or
possibly the addition of more tubes, which would in-
crease the cost. If ag all possible, it is better not to
specify ‘the number of passes and to accept the
manufacturer's design,

An exception to this js generally made for rack-
mounted air coolers. Since they are elevated, most
installations require platforms at nozzles. By the
specification of cven-pass coolers, nozzles are al]
focated on the same end, requiring only one plat-
form, Odd-pass coolers require twice the platfor-
ming. :

Induced Versus Forced Draft

When a choice exists between an induced or a
forced draft unit, the designer should be aware of
the inherent advantages of the induced draft unit,
With the fan above them, the cells may be mounted
directly on the pipe rack, eliminating the structural
steel cell support. Figure 4-17 shows this type of
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&

Figure 4-16. Alr cooler being loaded for shipment. Courtesy of Hudson Products Corp.

installation. Pipe rack columns have been vertically
extended to support two horizontal beams which in
turn support a battery of air cooler cells. These
horizontal beams are necessary to support the nor-
mal air cooler steel structure anyway. By adding

length to the vertical columns and using induced
draft units, the steel structure has been eliminated.
The results are lower material costs and greatly
simplified field installation,

Recircuiation of hot air is greatly reduced with
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induced-draft units due to the higher air exit veloci-
ty compared to the forced-draft design. With the fan

above the cell, hot air exits the top of the unitat 2.5

times the velocity possible in the forced draft unit
where it must yet pass through the cell after leaving
the fan, This minimizing of hot-air recirculation is
vital to air cooler performance and provides protec-
tion from hot air to personnel on the header end
walkway platforms. -

The Humiditied Air Cooler

Two types of air coolers utilize water ta cool or to
aid cooling, The humidified-air cooler has
sepurate, adjoining, circulating-water unit simitar to
a cooling tower, through which air passes before
making contact with the tubes in the cell. Figure 4-

137

18 is a Hudson Combin-aire humidified-air cooler.
Air enters the water circulation area, is washed,
cooled and humidified, passes through the mjs:.
climinator and then is drawn up through the cells
and out the fans at the top. During winter months,
air does not pass through the water section but

enters through open louvers shown on the left in
Figure 4-18.

The Coil Shed

The other type of air cooler utilizing water i
generally catled a coil shed. Coils, or cooling celis,
are located in g cooling tower and circulating water
15 sprayed directly on the tubes of the cells. The
combination of water and Aowing air produces
cooling, Figure 4-19 describes an atmospheric cell
section used in a coil shed,
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Flgure 4-17,  induced draft air cooler mounted directly on rack.
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Air Cooler Plping

As in other exchanger piping, lines being cooled
should flow down; so piping to the cell should enter
the top nozzle and exit the bottom nozzle. Many air
coolers are specified to condense fractionating
tower overhead vapors. Air cooler lines must be
routed so that there is a no liquid pocket between
the top of the tower and the air cooler inlet. Am-
bient air temperature will cause some liquid to con-
dense in the line to the cooler. If there is a pocket in
the hine, this liquid will accumulate and slug the
cooler, resulting in possible damage to the cell and »
cooling malfunction. :

Condensed liquid-vapor from these cells must
also flow down (or horizontally) to the accumulator.
The necessity for downflow from the top of the
tower through the air cooler to an elevated ac-
cumulator increases the desirability of rack-
mounted air coolers.

When using humidified air coolers or coil sheds
where circulating water systems are required, the
weight of the unit plus water weight force them to be
grade-mounted. However, the designer must make
sure the cells are elevated enough to permit con-
densed outflow to have downflow routing to the ac-
cumulators,

Two-phase flow to air coolers must be piped as
two-phase Row to any other piece of equipment,
(See Volume I, Chapter 2), to ensure equal distribu-
tion of liquid and vapor to each section. In the case
of a very large air cooler service with as many as ten
or more inlet nozzles into multiple cells, care must
be taken to ensure that piping does pot contribute to
urequal pressure drop through the celis. Sym-
metrical piping may sometimes be necessary on the
inlet side aithough it is hardly ever needed on the
outlet side if condensation is extensive.

Generally the best arrangement for six or fewer
celt nozzles is a header placed over the six nozzles
and entered at the center so that the flow must split
to three nozzles in each direction. Celi outlet piping
should employ the same design. This is normal
single stage piping.

For more than six nozzles, the single process line
must split to feed two headers capable of handling
up to six nozzles each.

Up to three nozzles can be fed with piping coming

from one side. The outlet piping will leave the
header from the other side.
Figure 4-20 shows flow patterns for air cooler

piping.
Regulating Valves

When air coolers have six or more cell nozzles,
some operating companies specify that flow
regulating valves be installed at each inlet and outlet
nozzle. The valves are usually of plug or butterfly
pattern for throtiling and to serve as block valves
for shutting off a cell for repairs while the other celis
remain in operation, Because flow regulating valves
balance distribution among the cells, piping can be
routed to the nozzle in any manner. If two-phase
fiuid is being handled, viping must still be
symmetricalt Valves can not distribute two-phase
Sow. e

When flow regulating valves are used, a
temperature indicator is furnished in each cell outlet
nozzle to aid in balancing flow. When each cell noz-
zle hag the same outlet temperature, it means that
each cell is passing the same quantity of fluid.
Should flow quantities to the cooler change, regula-
tion must be checked and probably changed. For
this reason, it is suggested that reguluting valves are
usually more trouble than they are worth and
should be eliminated. For the cost of these valves,
distribution can be made with adequate piping con-
figurations which will effectively balance flow
regardless of changes in volume.

Piping Expansion

Always remember that infet piping is hotter than
outlet piping and wilt expand at a greater rate. Cells
are merely resting in the air cooler frame and will
move somewhat with line expansion. For very hot
systems connecting to six or more nozzles, vendor
prints must be checked to see just how much celt
movement is permitted to compensate for line
expansion. In any event, differential expansion
between inlet and outlet piping headers must be
checked. Usually an offset can easily be built into
the outiet piping to compensate for this differential
expansion.
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Review Test
Chapter 4

I Fluid being heated shall flow and fluid being cooled shaif flow

2. Double pipe exchangers are also calle ed S
%
Ef; 3. When double Dpipe exchangers are said to be “4 wide by 3 high what does this meun? How muny
‘. ?5 . PRI
- : modu!cs wou!d thtslreqmr' ‘7
v 4. TEMA is the abbrcviaiion for
v 5. The channel end of a shell and tube exchanger directs flow through theM
v 6. What is the purpose of the kettle reboiler wejr? T
s
) 7. Thcrmomphon horizonta) rehoifers are located on a- foundat:on h:gh
4 L
- 8. The terms Jorced draft and induced drafi refer 1o ajr coolers. Dsﬂne these terms and c!cp!am their
¥ : differences, /
v :
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9. When mck~mounting air cooicrs the maximum rack w:dfh is the air coéler‘tuhe .Jcﬁggh minus

4

.. The minimum rack wzdth is the tube lcngth pIus —
vy o .

10. What is meant by odd or even Pass in an air cooler cell?
’ 1. Piping from ___ to the cendcns:ng dir cooler dﬂd from ihe air coofer fo the
\
b .

must have no liquid pockets o

12, Air cooler cell vilves are not recommended. Why not?’
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5 Piping Flexibility

Piping flexibility is onre of the most important,
least understood functions of piping design. Today
flexibility analysis, or stress analysis as it is often
called, is delegated to a computer. Consequently,
the piping designer's responsibility is normally
limited to a quick check to determine if the piping
tayout is within reasonable tolerances, If the quick
check shows it is outside these limits, he turns the
prablem over to stress specialists. A stress specialist
transiates data to an input sheet, turns this over to
the computer group and later receives a computer
output sheet, Then if the piping system is too rigid,
the stress specialist may suggest corrective
modifications; but the ultimate responsibility rests
with the designer,

A computer run, including formulation of input
and diagnosis of cutput, is expensive but certainly
warranted if the quick check method suggests a
need for it. However, thousands of dollars are
wasted on computer analysis of lines of visibly ade-
quate flexibility or of lines which would be accepted
if a quick check method were used. Piping designers
who know nothing about flexibility analysis are
quick to request a full stress analysis rather than
take a chance,

Although several books could be written on pip-
ing stress analysis, this chapter must be limited to
presenting a quick check method and explaining it
so that all readers can understand and apply it to
their problems.
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The competent piping designer will make every
effort to provide adequate flexibility in his piping
using a minimum number of fittings, When a quick
check determines that the system is not flexible
enough, he reviewsthe system to determine whether
or not he can redesign, maybe adding an elbow or
two to increase flexibility, Then he uses the gquick
check method again. If his system proves adequate,
he has saved the expense of full analysis, If the
systern is still slightly rigid and the designer believes
that computer analysis may prove his system tc be
within flexibility allowances then he should ask for
the stress analysis.

The quick check method has a built-in safety fuc-
tor; many arrangements which prove slightly stiff

by the quick check method actually come out OK -

when full analysis is made.

Purpose of Analysls

A hot piping system will expand or elongate. A
cold piping system will contract or shrink. Both of
these actions create stress problems. A stress

analysis determines the forces at anchor points,

stresses in the piping system, and bending moment
at any point. For any of these factors an allowabie is
known. For any lorce generated at an anchor point,
often an equipment nozzle, there must be at least an
equal resisting force. If a system throws 20,000
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pounds of force jnte an anchor designed to with.
stand 15,000 pounds of force, it win give. If the
anchor happens to be an equipment nozzle this give
Means a rupture ang possibly an explosion and fire.
Before designing Piping systems for adequate flex.
ibility, the designer mugt know what forces are
allowable.

Allowabile Forces
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Table 5.1
Symbel Definitions
F= foree = poeunds o
X = the axis parallel 1o cquipment shyn ceatertine
o= the gxig Perpendicutar (o equipment shafy centerline
o= the horizomy] 4xis perpendicyly, to equipment shafl
* = resultant
Wom welphy of CQUIDMEN! = poypds
£7 suction or ingake
o = dischurge of exhaust
Fr= resultam shear force paraliel (o the flange face
0 o= diumarer, nominal dizmeter = LBS =iron pipe size, in in.
ches
M = moment {foot pounds}
Mx = moment ja ¥-z plane
My = moment in -z plane
Mr = momenr in x-y plane
Sk o= husie allowible 5iress {or the materia of Construction g

to the piping designer fesponsible for providing 4
piping system that will not overstress the equipment
to which attaches. It i hard, sometimes, to find
out just what the allowables are.

Specific equipment allowables mug; be obtained
from equipment manufacturers, ff the forces
involved are figured and bassed on to the vendor,
the nozzle can often be reinforced o withstand

Temembered that even the manufacturer hag force
tolerance limitations,

Allowable forceg described i this chapter are
&enerally conservatjve and are offered a5 & guideline
Lo be used unyj) vendor allowableg can be obtained.

Rotating Equipment

Tabie 5.1, provides symbpols and definitions used
in this section and other parts of this chapter, unless
specifically poted,

To keep pump shaft ceuphing mis-alignmenti
below the maximum allowable 0.002", pump ven-
dors design casing Support to withstang certain
loads, For stee pumps with discharge nozzies of 4"
IPS or smaller these loads are;

My = 3y
= toot-pounds allowable
{3,000 ri-Inyy tmaximum)
My =24
= foot-pounds allowable
(2,000 ft-bs maximum)
Mz = I.SW
= foot-pounds allowable
(1,500 fir-ibs maximum)

axnym aperating lemperatyre {see ANSE f131.3;

D, = D Size (i-P.S) of the Sonnection, i inches up {6 8 in. |pn
dinmcter. Fgr |g in. and {urger uss {16 + py 4 3.

Lo= diameter ol circulyy Opening equal 1o the toral areas of the
inlel, extraciion and exhapst openings up 1g 5 value of 9 in_ i
diameter. For values heyongd this use 3 value of (i8 +
Equiviiing diimeiery + 3

Dy = Ouside diamueter of pipe, in inches, foanded up g thy

fearest greater 4 jp.

A= Length of shartest leg in foo

L= Muaximum length in foer {90° 1o the short ieg)

= Temperature dilference, Design °F . Instaltstion of

1 = Coefficient for detcrmining minimum feg permitied ay dusign

feriperature iy of

Force, Moment and Stresy Limitations
Of Steel Pumps

At Operating lemperature, using the hot modulus
£, resulting bending Mmoments are permissabe upto
a value which causes 4 bending stregg of Sh+3in4
connection having 4 section modulug equal to the
connecting piping for the same size, where the con-
necting piping is 4’ {pg or larger, On smaller size
connections u valye of Sh+2 s permitted,

The resultant sheg, force at the flange face and 4t
any individug) component should not exceed 2000
pounds: The resultant forces apg individual com.
ponents are further limited by the following:

L. Suction nozzles:
Fre < | Gw < 2000
2 f)isch;zrgc nozzles:
Frd <2 - Frsy < 200p0

Top suction and discharge nozzles are further
limited by:
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Fre and Frd = (Fx? + Fz* )%
and the following;

For suction nozzles
a, Fxs < 13w < 160D
b. Fys (in compression) < [.2w < 200D
c. Fys {in tension) < 0.5w < 100D
d. Fzs <w < 130D

For discharge nozzles
a. Fxd < {1.8w * Fxs) < 160D
b. Fyd (in compression) < (2w £ Fys)< 200D
c. Fyd (in tension) < 0.5w < 100D
d. Fzd < (w x Fzs) < 130D

End suction and top discharge pump nozzies are
limited by:

Frs = (Fzs® + Fys* )
and

Frd = (Fxd* + Fzd* )"

and the following;

For suction nozzles
2, Fxs < 1.2w < 2000
b. Fys < 0.6w < 130D
.o Fzs<w < 160D

For discharge nozzles
Fed < (1LBw it Fxg) < 160D

b. Fyd (in compression} < (2w & Fys) < 200D
¢, Fyd{in tension) < 0.5w < 100D
d. Fzd < (w % Fz5) < 130D

Side suction and top discharge pump nozzles are
fimited by:

Frs = (Fxs? + Fys?)*
and

Frd = (Fxd* + Fzd*)*

and by the following:

For suction nozzles
a. Fxs < 13w < 1600
b. Fys < U.6w < 130D
¢, Fzy < 1.2w < 2000

For discharge nozzles
a, Fxd < (1.8w * Fxg) <1600
b, Fyd (in compression) < (2w £ Fys) < 200D
¢. Fyd {in tension) < 0.5w = 1000
d, Fzd < (w % Fzsy =< 130D

Cast Iron and Aluminum Pump
Force, Moment and Stress Limitations

Cast iron and aluminum pumps are subject to the
same limitations outlined for steel pumps except
that allowable values are much lower. Bending
stress is also limited by Sh+3 and Sh+2 as noted
for steel pumps, but the resultant shear force is
limited to a 500 pound maximum. Resultant forces
are furthur limited by the following:

1. Suction nozzles:
Frs < 1.6w < 50D

2. Discharge nozzies:
Frd < (2w - Frsy < 50D

Top suction and top discharge nozzles are further
fimited by:

Frs and Frd = (Fx* + Fz?)%

and the following;

For suction nozzles
a. Fxs € 1.3w £ 4005
b. Fys (in compression) £ 1.2w £ 50D
c. Fys (in tension) € 0.54 € 25D
d. Fzs € w £35D

For discharge nozzles

a. Fxd € {1.8w+ Fxs) € 40D
. Fyd (in compression) € (2w Fys) € 50D
. Fyvd {in tensiony € 0.54 € 25D
. Fud € (wtFzs) €D

o0 o
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End suction and top discharge pumps are further
limited by:

Frs = (Fz5* + Fyst %
and

Frd = (Fxd* + Fzd*)*

and the following;

Forsuction nozzies
a. Fxs< 12w < 50D
b, Fys < 0.6w < 35D
¢ Fzs < w <L 40D

For discharge nozzles
1 Fxd < (18w £ Fxs) < 40D

b. Fyd (in compression) € (2w + Fys) < 50D
¢. fyd {in tension) < 0.5w < 250
d. Fed < (w £ Fzs) € 35D

Steel Turbines, Force, Moment
and Stress Limitations

Al operating temperature, using the hot modulus
£ vesultant bending moments are permissable uplo
a value which causes a bending stress of Sh+4 in a
conncction having a section modulus equal to the
connecting piping for the same size where the con-
necting piping is 47 1PS or larger. On smaller size
connections o value of SA+3 is permitted.

The resultant shear force at the flange face and at
any individual component must not exceed 2000
pounds. The resultant forces and individual com-
ponents are further limited by the following:

fedividual components
oS 3w < teOn
b, Py < 0.6w < 130D
oz € w< 160D

Resultant components
a. Algebraicsummation of
frx < [ 6w
b. Algebraic summation of
Fry<w
. Algebraic summation of
Frz <1.6w

<y

Combined resultant

a (el + Fry? + Frz2yh < 2y

Using 100% cold spring and calculating using
operating conditions, the total resultant force and
total resultant moment impased on the turbine at
any connection must not exceed:

FSS00D, - My+3

The combined resultunt of forees and moments at
the inlet, extraction and exhaust connections,
resolved at the center lines of the exhaust connec-
ton and shaft, must not exceed:

Fr<{(250D,- Mry+2
Componchis of these resultants must not vxceed;

i far <5060,
Myr =250 D,
bolyr<123D,
Myr< 125D,
¢ Fer< 100D,
Mzr<125 D,

For & wurbine installation with 2 vertical exhuyst
and an unrestrained expansion joint at the exhaust,
an additonal amount of force caused by pressure
loading is permitted. This force must be perpen-
dicular to the exhaust flange fuce. For this type of
application, calculute the vertical force component
an the exhuust conpection, excluding pressure
loading. und compare with the value of 1/6 the
pressure loading on the exhaust, Use the targer of
these two numbers for vertical force component on
the exhaust connection in making calculations as
noted whove,

The Toree caused by the pressure loading on.the
exhaust is altowed. in addition to the values es-
tablished by the preceding, up to a maximum value
of the verticul force, in pounds, on the exhaust con-
nection, including pressure foading, of 15.5 times
the exhaust area in square inches.

The above values of force and moment pertain to
the turbine structure only. Connecting piping must
not exceed the allowable stress as defined by the
piping code applicable to it
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Cast Iron or Aluminum Turbine
Force, Moment and Stress Limitations

Cust iron and aluminum turbines are subject to
the same {imitations as for steel turbines except that
allowable values are much lower. Allowable ben-
ding stress becomes Sh+4 and Sh+3 for the two
catagories noted in steel turbines and the resultant
shear force maximum is limited to 500 pounds.
Resultant forces are further limited by the
following:

Individual components
a, Fx < 13w < 40D
Lo Iy < 0600w < 35D
¢ Fz S w=< 40D

Resultartt components
a. Algebraic summation of
Frx << 1. 6w
Iy, Algebraic summation of
Frvsw
¢. Algebraic summation of
Frz << ].6w

Combined resultant
a, (Fora + Fry? + vzt )" € 2w

Using 100% cold spring and calculating using
both operating and installed conditions, the total
resultant moment imposed on the lurbine at uny
connection must not exceed:

L (500D, - M)+ 3

The combined results of forces and moments at
the inlet., extraction and exhaust connections,
resclved at the center lines of the exhaust connec-
tions and shaft must not exceed:

Fr<(250D,~ Mr)+ 2
Components of these resultants must not exceed:

a. Fxr< 50D,
Mxr<250D,

b. Fyr< 125 D, ,
Myr< 125D,

¢ Far <100 D,
Mzr< 125D,

Stress and Force Limitations of
Compressors
With Steel Nozzles and Casings

Al the operating temperature, using the hot
modules £, ressltunt bending moments are per-
missible up to a value which would cause a bending
stress of Sh+4 in a connection having a section
modulus equat to the connecting piping for the same
size where the connection is 4 in. IPS or larger. On
smaller sive connections a stress of SA+3 shuli be
permitied.

The resultant shear force at the {lange face and
any individual component must not exceed 2000
peunds, The resuitant forees and individual com-
poneats shall be further limited by the following:

Individual componénts
a. Fx << 1.3w < 160D
b. Fy < 0.6 < 130D
c. Fzw < |60D

Resultant components
a. Algebraic summation of
Fre < 1.0w
b. Algebraic sumniation of
Frysw
¢. Algebraic summation of
Frz < |.0w

Combined restdtant
a. (Frxd 4 bt + P ) < 2w

Using 100% cold spring and cateulating the
operating condition, the total resuitant force and
moment imposed on the compressor 4t any connec-
tion must not exceed:

F@G5D,-My+3

The combined resultants of lorces and moments
of the suction, interstage and discharge connections,
resolved at the centerlines of the dischurge connec-
tion must not exceed:

el

Fr< (463 D, - My + 2

Components of these resultants shall not exceed:

«
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a. Fxr<92D,,
Mxr < 460 D,

b, Fyr < 230D, ,
Myr<230D,

c. Far< 185D,
Mzr <230 D,

Stress and Force Limitations
For Shell and Tube Exchangers

The stress on exchanger nozzles must be kept
within the allowable stress range as determined by
the ANS B31.3 piping code for the material of con-
struction. The stress should be determined by con-
sidering the nozzle to be an unreinforced stub-in at a
header having a diameter and thickness identical to
that of the exchanger sheli or that of the exchanger
channel,

Forces which exert 4 thrust (on either footing) in
excess of 30% of the weight of the exchanger on that
footing require detailed stress analysis, Since ex-
changer footings are normaily designed so that the
channel end footing bears 60% and the shell end
footing 40% of the total exchanger weight the forces
are limited by:

Channel end footing £
<03x06xw

Shell end footing
S03x04xw

When forces exceed those discussed in the
preceding paragraph, jow friction slide plates in-
serted in the grout of the foundation often reduce
such forces to allowable tolerances,

Piping Fiexibllity Design

It is preferable to provide adequate flexibility in
piping systems by using loops or other
configurations constructed of pipes and fittings.
Sometimes space or cost is prohibitive and
movement must be absorbed by expansion joints
such as the bellows, Barco ball or sliding type.
Piping flexibility should always be achieved with the
minimum number of anchors and guides feasible.
Axial expansion joints must be guided on eack side
and anchored at the end of pipe runs to withstand
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hydrostatic testing thrust. U-type loops must be
anchored on both sides of the pipe run to work.

® Lines which are (o be purged by steam or hot gas
must be checked to make sure that they will he
adequately flexibile during the purging
operatiorn,

® Ciosed relief systems and hot blowdown or
pumpout system must also be carefully thought
out,

® Temperatures in start-up lines often surpass
operating temperatures.

® Exchanger by-passes may stil be cold while the
infet and outlet lines are already hot, resulting in
excessive stresses,

® Always review systems at their worst operating
conditions such as during start-up when a hot
line will be feeding into a cold tower or vice
versa.

Unit systems, such as a steam system having a
large diameter header in the unit pipeway and
smaller size branches feeding into equipment, are
often provided with unnecessary and expensive
expansion loops and anchors. Befare locps are
designed, every effort should be made to make the
branches flexible enough to withstand header
expansion. An anchor placed near the center of the
run can be used to direct header expansion by
forcing 50% of the expansion to either side of and
away {rom the anchor, distributing expansion along
the header and thereby simplifying branch
flexibility,

Flexibility must be considered from the beginning
in cvery system designed. During the original
layout—-which may be freehand on a scratch
pad—Iflexibility must be uppermost in the piping
designer’s mind. A quick check should be made of
all lines 8" or larger during this initial stage. If
flexibility appears to be a problem, smaller liney
should be reviewed and quick checked, too, If a line
is too stiff and must be rerouted, the time to find out
is early in the design. Many dollars and manhours
can be wasted making finished drawings of piping
systems which are too stiff, When this happens and
is finally discovered, the designer must start over
completely.

One of the many differences between a draftsman
and a designer is that while the draftsman can only
draw the pipe, the designer knows flexibility,
process, instrumentation, flow of fluids and many
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other specifics which must be considered during the The minimum length of 4 leg required ¢
piping layout and design stage. provide an adequately flexible member must pe

' ' design temperature, (See Table 5.1 for definitiong
’ Th& QUECk ChQCk Me£h°d The f{}rmaia is:

: ’ - The purpose of the quick check method is to Minimum 4 = 4 x Do

determine whether OF not a piping system g
adequately flexible without the formal calculations
required for a fyl stress analysis. Ordinarily if 4
System is within the quick check guidelines, no
further, flexibility analysis is required.

To make use of this method the piping designer

Mmust establish some basic facts. a

® Anchor Points must be known or asstmed, !

S

For the A coefficient of carbon stee} pipe, See i
Table 5-2. ;

S

AR

For L-shaped configurations {see Figure 5-1) the
following formulas apply: &

e
.

ol

included,

® Special dcsign conditions such ag start-up, cyclic ‘ ANCHOR Po) NT
operation, steam tracing, etc. must be known, /71/7-«’5.-

' . Figure 5-1.  L.sha ed configuration, :
The lengths of Pipe solved for are based on 'guire P 9

standard weight carbon steel Pipe. Alloy piping,

other than austenitic stainlegs steel and aluminum, Minimum 42 = 0.0025 DolT
may be laid out on the same basis. . 400 (1)
When pipe wall thicknegs differs from standard Maximum £ = DT

weight, a correction factor of ratioing moment of
inertias must be applied. In this cage:

Test 4 A xD,

Exumple No. {. L-shaped configuration,
) Pipe = 6" Scp, 40;
= Moment of inertia, pipe specified D, =6.625"¢o use 7"
moment ot inertia, stqd. WL pipe L =300
' =650° . 7¢° = 580°F

Mininmum 4 (adjusted)

X minimurm 4 in the formuta

Applying the above formula the minimum # is

When anchor expansion adds to the thrust from caleulated:
the L leg, a correction ratio of linear exXpansion
, . A= 0028 p LT
stb lied, : o
st Be applied. In this case =.0025 x 7 x 30 x 580
M:nfmumh(ad}usted) ho=yI0S -

5

= Anchor movement + je L movement F7'-5"" which is the minimum short legh
leg L movement allowed o

X Minimum & in the formula Test 4 for minimum length using the 4 coefficien

A i e g S b i
A s s
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Tabie 5-2 Maximum Lm400 (33.58)°
A Coefficients for Carbon Steel 13 X430
Design Design
Temp, *F A Temp, °F A _400x 1128
150 04 600 2.20 5550
200 06 760 2.50
300 1.0 800 2.50 ,
100 14 $00 295 = 80.7
500 1.8 1000 318 ]
Since L must be greater than h, L can be as short as
h=dxD 34" or as long as 80.7'. The shorter lengths will
A XD cause smaller forces on connecting e uipment.
A at §50°F (interpolated) s 2.35 78 equipmen
soh = ?;25" 7 Adaptations of L-Shaped Method
o !6'-5': . ‘ The L-shaped formulas are casily adaptable to
16-5" < 175" so use the larger figure us the more complicated shapes in one or three planes,
minimum, .
X ) . Example No, i Single plane problem, See Figure
Example No, 2, L-shaped configuration 3.0, NP
Pipe = 12" Sch. 60: c
Dy = 12.75" so use 13"
T =3500°- 70° b
= 430°F. _ a3
Solve for fr and £, a“%
Test minimum & =4 D, ‘ ’
=1.8x13
=23.4'
) L.
. 400 (23.4) =
Max L= )
faximum 13 x 430 Figure 5-2.  Singie-plane configuration.
n‘}%qg’%g—{]239' Step No. 11 Determine L, the major length of
tine at right angles between anchors,
ot terthanh - d+fsol =g+ ¢
Since this plpe is not standard weight, the :{J 7 ¢ I8 greater than @+ fs ave
faiRimum h mt‘zst be adjusted by the ratio of Step No. 2: Solve for minimum A using the
moment of inertias, formula described in example 2,
" Step No. 3: Compare minimum A required with
fuctor = M) VT EATHE A the squaace root of the sum
FC127 Sud. W) ) ) .
ol the squares equals or exceeds the required
- 400.5 mivimun A2 flexibility is sufficient,
279.3
Example No, 4: Three plane problem, See Figure
] = }.435 5-3.
3 then h =23.4" x 1.435 Step No. 1@ Determine distances between an-
. = 33.58' chors in the horizontal plane at right angles,
leg o and the vertical distance,
%i Since the minimum 4 has grown to 33.58°, maxi- North-South distunce = g + ¢
- mum L must be recalculated. Eust-West distunce = ¢ + ¢
ot &
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B
=z=4 L=B+C
(% .
Test both mi:zimuin fand feg B as equal to A x
Dy
Example: Z-shaped configuration, see Figure 5-4:
Pipe = 8" Sch, 40;
D, =8.625"souse 97,
T =300°-70°
Figure 5-3. Three-plane configuration, = 2307F.
L =300
Vertical distance = b —~d + f
Step No. 2: Determine L, the longest distance. a To satve for minimum /i:
te>ct+tg>b ~d+ftherefore L =a +e.
Note: This example assumes L tobea + e L #1=0.0025 x 9 x 30 x 230
must be the largest of the above three = 155,25
sums. = {2517
Step No. 3: Determine minimum A, the shortest o
distance., The sum of legs b + ¢ + d + f+ ¢ Test for minimum A
must equal or exceed s, These are the legs at h=AxDy=1x9
right angles to L, = 90" migimum for /# and B
‘ Test # and C fength ratio; Assume 8 = 25-0", C
Formulas for Z-Shapes =50
The basic formulas for determining minimum # Bo2s oo 4
and maximum L apply to Z-shaped configurations: c s &
Minimum #*= 0.0025 D, LT so it is satisfactory.
Minimum h = 0.05/D,LT
Formulas for U-Shapes
N _ 400 (h)? P
Maximum L = 5T
o Formulas for U-shapes differ somewhat from the
L and Z shapes. For Usshaped configurations with

‘o test mint 15t atio must . ; .
| To test f,o‘r ;{m? mum h ;.tc” f:jo—;]cg Fatio mus equal fees fr, the formulas are noted below, Refor
also be made, Referring to Figure : to Figure 5-5.

<
—R Minimum 4% = 0.0016 D,LT or

Minimum /it = 0.04/D,L7 L= 30

625 (h)?
N

Maximum £ =

To test for minimum & |

_Ax Dy,

;
R IET

L R RS

Figure 5-5. U-.shaped configuration with equal
Figure 5-4, Z-shaped configuration, legs. '

3
-
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Lvanipe U-shape with equal legs, see Figure 5-5- Example - U-shape with aéequai legs, seq Pl
Pine = 14" Sch, 30; 5-6:
2, =14 Pipe = 14" Sen, 30;
7 =470° - 700 D, =14
= 400°F, ' =470° — 70° = 4p0° F,
L =300 Ly =725.0"
Ly =5
To solve for minimum A:
To solve for minimum #:
L= G.OOIE&DOLT
=0.0016 x 14 x 30 x 400 h=0.045d!4(§5»-3)353€5
I =/ 7088 =0.045 x 335
=164 sy 166" =15 ft
Test for minimum 4: Test for minimum 4 + Ly
= i, 14
4o L68 x 14 I
125 o
e " 188 use 1970 Minimum L, also equals 23 .5°
; o oy e So minimum 4 + Ly =15+5= 70, Then 15 .
Stisce 19'—0“ is larger than |66 » Minimum 4 too short. So use 20°0" as minimum 4.
: becomes 1979, 7
o When £, and /i are k and .
EA For Us-shapes with unequal legs, see Figure 56, i.u,n- [_’ d‘m I d.r n'O“Nﬂ °n L.‘ needs to !_"
: . e Tollowing formulas a I solved for, use the spproach gwven in eXample L
- f e torlowing pply: L-shaped configuration, changing (above) teo ¢
H % and L, and Ly (above) to components of 1y,
¥ % . mum k.
_.3 % The formula then becomes;
i Minimum # = 0.05 /17
: ; Ly where minimum 4 = \/&% +p?
-
;2 Formula for Expansion Loop
: ke Figure 5-7, Typical expansion loop, depirys ,
typical loop found in most hot piping SYiterr
‘ ) ‘ which have too much eXpunsion to be absorke.
Figure 5-6. U-shaped configuration with unequal straight line. For this configuration-
: Minimum # = 0,03 VOLLT or
ﬁ Minimum %= 0,0004 « DyxLxT
5 Minimum 47 = 0.0021 Dy (ly - Ly)Tor Maximum / = 2500 (hy?
! DT
Minimum + = 0,045 VD, (L =TT
s Minimum w = .5 4
Maximum £, - £, =300 (h) Preferred W = 1 5 4,
DT
To test for minimum hooh rfi@o
To test for minimum 4 + Ly =AxD, 1.25
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W Expansion loop Stress
and Anchor Force

As un expansion loop expands, forces are trans-
h h mitled to the two anchor points. To calculate the
anchor force and maximum pipe stress of the loop,
refer fo Figure 53-8 and the following example,

This example assumes use of LR ethows and iy

e B restricted to line sizes of 4 through 147,

L - For foree at cach anchor: ] -
DISTANCE IN FEET [y
DETWEEN ANCHORS C e g P
F=CxExIp N
Figure 5-7. Typical expansion loop. ;
Maximum stress: &
Example: Expansion loop, see Figure 5-7: S=Kxkxh c
. e ’)fl' . . -
Pipe = 127 std. wt.; . C = Constant to be obtained from Table 5-3 &
Dp = 13'15 SO use k3 - F = Expansion to be absorbed by the loop, in -
7 = S“G' - 70" = 450°F. inches (should be imited 1o 10 .
L =200 In= Moment of inertia, inches? c
N B o 4 = Gutsidedimeter of pipe s inches -~
Fo solve for mnimum f: K = Constant 10 be obtained from Table 5-4 b
[ E = b . Q
/17=0.0004 x 13 x 200 x 450 Need for Formal Stress Analysis
o= 4068 C
=21 6
o The need for formal stress enalysis should be ¢
Minimum W =05 x 21.6 dcicr:_anncd by dcszg.nc.rs with extensive chrhm‘iy -
=108’ expericnce,  Hot  piping  connecting 1o strain- ¢
' sensitive cquipment such as pumps, compressors
To test for mininmm f = 1.88x 13 ;fml [uz‘hn&gﬁ s.i‘zuli be closely reviewed for pcwblg .
1.25 futl analysis. FFor other systems {full stress analysis
=195 is required when the following criteria is not L9
use the hirger 21,467, satisficd:
{:‘
W
= H a
<
~GUIDE
— v o
% = = X ¢
[ -
| 4C PIPE DibL NN E
- L i A<
Figure 5-8. Guided expansion loop. €
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Table 5.3 Example: See Figure 5-9
Vailues for Constant C Pipe = 6 Sch. 40 Carbon Steel;
D=g

20 1.64 1.54 1.46 139 L33 Design Temperature = 400°F,

19 192 1.80 L7 161 156
. - . i;’? o ros e Step 1 Establish the distance between anepors
‘-; 6 2‘?5 2:5? 2:44 2‘3‘ 2‘22 in plan and elevation, in feet and decima s of
T 05 303 283 se 255 244 a foot.
T 3.4 38 102 288 174 i ] )
% 0 0 1.76 3.54 135 130 Y = Vertical elevation difference = .4 = o
g I3 4.8% 451 4.2% 4.04 3.84 (D%fferez‘zce in e]evation bC{WC‘:H A y and

¥ $86 545 5,51 489 46 A)

19 710 6.60 6.21 551 5.65 X = Total line length away from Ay =8y g

to 15 0 15 3% =12
Langth of W In feet Z = Total line length away from A= i+
6" = g
Step 2: Determine length U, the Striigt,y lengeh
DI <0.03 between points Ay and 4,
(L-Uy — R

U= /xt + y? t o1
L =127+ 28 g
D = Nominal pipe size, in inches =

£ = Expansion to be absorbed, in inches (£ = Ue) L= 2001 ¢ say 20°)
L = Developed length of line axis, in feet ‘
U = Anchor distance, in feet = Length of straight Step 3: Determine £,
line joining the anchors E= Us
¢ = Coefficient of expansion (See Table 5-5) From Table 5-5 at 400°F

e =270 in. per 190 ft. so
¢ = 0.027 in, per ft.
Then: £= Ue
=20 % 0.027
=0.54"

Figure 5-9. Exampie for quick-check stress anaiysis.

.
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Table 5-4 Step |: Calculate expansion in direction X
Values for Constant X . . . .
TX=12x0027"=0.324 172
0 337 195 270 248 230 5
19 361 g 250 267 246 Since there is no anchor movement in the e
_ i3 385 341 310 285 263 direction X |
E: 17 409 364 330 304 279 . v
P i6 433 387 350 322 296 TV =0.324" + 0 i
x i5 457 410 N 340 31 = 0324 Q
IR 487 437 396 362 330 |
£ i3 528 473 428 191 361 -
[+ 2 i . . . . r
Step 2: Caleulate expansion in direction V-
& i 582 521 4 429 393 ep 2: Caleulate expansi e
1 647 577 520 474 436 o7
Y oo : e i
10 725 642 578 526 484 LV =2 :\_G.'{?_, L
10 5 20 25 30 = 0.054

Langth ot W in teet

E i i '\.nl- i

Ty

Since o, = mavicg upward 0,37

XY =005 —-0.3735"
= —(.321"

e

Step 4: Determine value of £, the total length of
tine.

L =6+10+2+84+6+2+4 So use 0.3217 as this becomes the net anchor
L 28’ - movementi.

Step S: Solve the formula which must be equal Step J:‘ Caiculate expansion in direction Z;

to or less than 0.03 or full stress analysis is

nZ= 16 x 00277
needed. =0.432"
_PE_ =003 Since A, is moving 27 in the direction Z:
(L-Uy
TZ=0432" 42"
6 x 0.54 - 3.24 =" 432"
(38-200* 18’
324 Step 4 Calcuiate expansion in direction &2
324 N
ARV LD S e
- 547 b T
= 0.01 £0.03 v 0.324% +0.3217 + 2.432
= /0,073 .
A = 245" &
So the confipuration is satisfactory. =
Step 5: Solve the basic formula using the new ¢

When piping connects to equipment nozzles
which expand and contract due to temperature,
the nozzle movement must be considered and nr

value for £

e

added to expansion (F) calculations in the direc- (L - Uy =0.03

tion they occur, &
Referring to Figure 5-9, should anchor point 4, 6x2.45 147 F

become an equipment nozzle and expand upward (38 -20)* 324 O

0.375"" and in direction Z toward 4, by 2, the = 0.045" '

calculations must be modified. Expansion must be
figured for net lengths of X', ¥ and Z and anchor
movements applied.

a,

which is farger than 0.03, 50 a stress analysis is
required.

¢
¢

L
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Tabie 5-5
Coefficients of Expansion
H Linear Thetmal Fepansion betecen 70F and Indicaced Temperature, inchex /100 frer®
[ MATERIAL
Carbon Sceet Austenitic
$ Cr Mo . 12 Cr
: Tempetature | Carbon-Mol Staintess . Mornet Lo . Gray ) "
iy df’tx v Low-CheomeY , ::b.ni. Sceols ;; {(E: I3 Cr 30N &7 Mi 30 Ca I Nickel | Aluminum Crec Leon Bronze | Brass {Weought lron | 10 Cy 0 N;
frhra 3 Cr Mo) S BT FE :
~328 -2.37 ot ¥ -3.85 ~2.04 ~3.00 ~%42 -2.27 ~4.48 -3.98 | -3.88 =370 =315
-30G ~2.24 ~% 10 -3.63 -1.92 ~2.83 ~2.58 ~2.19 -4.46 374 | -3.44 -1.55 ~2.87
~375 ~2.%t ~1.93 -3.4% ~1.80 ~2.88 ~-2.38 ~1.98 ~4.2} ~3.5¢ | -4 =2.4% -3 TR
~750 ~1.9a ~L.8& ~-3.19 -1.68 ~2.49 -2.26 ~1.88 ~3.97 ~3.26 1 -3.34 -2.28 ~2.53
~228 ~1,85 =174 ~2.96 -1.5% -2, 32 =214 =174 3.7t -31,02 { -2,93 ~2.1% ~2.38
it -7 ~T3% ~3T3 ~1.43 ' .4 ~LU7 ~1 &2 ~3.d4 —LTE 4 ~1.95 -4
~%r5 —t.58 ~1.502 ~2.50¢ ~1.35 ~1.98 ~1.90 —150 PN ~3.54 | ~%.47 ~1.81 -2.47
~150 —1. 4% -1.37 ~a.27 ~1.24 ~1.8% -1.79 -1.38 -2.88 -2.11 -2.24 -1.87 -1.95
! -125 ~1.38 =123 i -1 -i.30 ~1.59 «~1.23 -2.57 -208 | -2.00 ~i.49 ~47d
: - 108 ~1.15 ~£.08 ~%75 ~£.98 ~1.39 ~-i.38 -1.¢8 527 —1.81 ¢ ~1,78 -3 ~1.53
i - 7% ~1.00 ~0.94 ~F.50 ~0.85 =118 -1.18 ~5.93 ~1.87 ~1.88 | ~1.%% -1.73 “1733
i - 50 ~0.84 .79 ~1.24 ~0.7% ~0.98 ~8.98 -8.78 ~167 =32 ] -9 ~0.94 «3.13
~ 25 5,48 ~Q0.63 -0.98 —0.57 -0,78 -Q.77 ~0.62 ~4,2z ~£325 § ~1.067 ~0.76 -G89
H a -8, 43 ~B.4& ~0.72 ~0.42 ~6,57 —0,57 -0, 46 0.9y ~0.77 | ~0.7% ~0.54 Q.44
i 5 ~0.32 ~5.38 =G 48 =0.37 ~8.37 -0.37 0,30 =43 ~0.49 | -0 43 ~5.38 ~G. 42
: 54 =014 -3.13 =421 -G, 12 —0. 14 -0.20 =0.14 ~0.28 ~0.22 § ~0.21 ~0.14 ~(.19
T3 ¢ a 4 ] & ¢ 8 4 & ¢ ] 0 4
iz 8.23 0.2 0.34 020 8.28 6.2 .32 G4 8.21 0.3 0.13% ¢.76 4.3t
125 .42 0.40 G.82 0,34 0.5% .52 .40 £.85 0.38 8.68 0.64 0.48 0.5¢
is0 .41 8,58 6,99 0.53 .24 &.25 £.5% .33 6.55 4.96 .94 8.7 ¢.82
17% 0.80 a.7s .18 0.49 6.¥8 0.9¢ G.76 .62, 8.73 1.28 1.23 0.¢2 1.07
260 0.99 0.94 144 0.84 L2 1.22 8.94 2.60 2.90 1.5 LSy 114 1,33
225 N 1.13 1.75 103 1.45 146 113 2.41 1.08 819 1.83 1.37 1.5¢
50 1.40 1,33 .63 L 1.7¢ LT 1,32 2.83 L 217 .14 1.40 1.86
& 375 1.61 1.52 2,32 1.38 1.94 1.9¢ 1.5 3.24 i. 45 2.48 2.45 1,83 13
190 1.82 [} 2.61 L5 218 2,21 1.49 347 T.84 279 2.7 188 k1Y
375 2.04 1.90 %8 1.74 1.43 2.44 §.88 . 409 183 O B B 1 .29 2.48
. 350 .25 2,10 1.20 1.9 2.69 .48 2.08 £.57 203 3.42 3.4t 2.53 2.9%
* irs 2.48 2.30 3.50 218 2.94 PR .37 4.95 2.22 3.74 3.73 277 k]
494 .20 1,50 .80 .30 3:28 3.25 2.47 5.3%9 .42 405 4,95 3.0 3.52
, 425 193 2,71 4.1¢ 2.50 Ay 2 152 .69 5.83 282 4,37 £.38 375
. 450 ER ) .93 441 NS 3.7 17e 2.9% 4,28 2,83 4,69 £.72 1.56
N 475 3.3¢ Jta 4,71 2.8% 3.98 4.G6 3 &.72 3.03 5.4 5.04 3.74
544 .63 135 5.01 3.08 4.4 4.21 3.3« 717 3.7¢ 512 5.40 3.99
525 3.84 3.58 3,31 3. 48 4.5] 4,41 157 .53 3,46 X 523 4,25
¥ 350 .11 3.80 5.62 1,49 4,79 4.9¢ 3.80 810 3.87 5.98 £.10 4.5G F
575 £.15 £.02 £.93 149 5.84 518 4.03 .54 8% 6.31 &.45 4,78 H
. 440 4.4¢ 4,24 5.34 3.90 §.33 5.48 4.27 .83 41 &84 6.80 5.0l |
Y 4215 4.86 447 4.55 10 5.40 575 4.51 d. 34 6,94 716 5.7 H
430 5.1 4.8% &.57 431 5,84 4.05 4,75 4.57 7,29 7.53 5.33 [
7% Y 437 FA L] X (R [3ET] €97 480 7.3 7.49 5.50
700 5.43 5.1¢ 7.50 £.72 b.44 .64 5.24 5.03 7.95 B2 6.04
¥ 125 5.90 5.8 7.82 4.94 6.73 £.9¢ 5.50 5.26 a.28 8.44 6,32
i 750 6,18 $.67 8.15 5,18 1.02 .25 5.76 5.50 B.62 9.02 8.59
> 175 £.43 556 .47 5.08 7.31 7.5% .02 - .74 8.95 | 9.40 8,85 o
P [i[eds] LR 4Ty BBy 3T 730 bE:14 &37 594 3t 9.78 [AF] o
¥ 825 5,87 .34 ¢.13 5.87 1.89 8.is 6,54 6,22 G.84 10.¢7 7.40
856 7.25 6,59 .46 6.0% a.1% 5.48 6.8 6,47 9.49 10.57 7.6%
873 7.51 6.8) $.7% 8.27 &.48 £.80 1.08 .72 10,33 10,96 .97
00 7.41 524 10,12 §.49 g8.r78 ¥.12 1.3% 4,77 10.68 | 11.33 8,26
\EH B.08 7.2 10,44 £.71 .07 e.44 .72 7.ax it.oz H L 2.53
¥30 §.35 7,58 0.0 &,94 9.37 677 8.9¢ r.50 132 12,4 a.81
$75 2.42 7.81 1114 17 9,66 10.09 8.46 7.74 L7 tz.57 .08
1000 8.8%9 8.0 Ti.48 T.40 9.95 10.42 8.23 8.02 i2.08 12.98 9.36
1625 9.17 836 1182 1.62 10,24 10.75 .94 7,40 1 13,39
1050 §.46 8.55 12.56 7.95 19.5¢ 1.09 ¥.14 12.76 T 13,81
1075 .75 8.80 12,50 a.18 10.8% 10,43 §.2¢ 13,11 14.23
1186 19.04 §.05 12,84 [ %3] 1112 1.y g.45 13.47 14.65
1125 0.1 2.28 1218 8.53 11.41 inu ¥.78
1156 18.57 2.52 13.52 8,74 LI 12,47 10.11
175 10,83 .74 13.86 4.98 1.0t 12.81 10,44
ta0 1510 10.80 14,26 9.20 12.3 13.15 10.78
F22s 11,38 10,26 14.54 .42 12.59 11.50
t25¢ 11,66 16,53 14.88 9.45 $2.88 13,84
1325 1194 10,79 15.22 9.88 13,47 14.22
FEDL] LENT; 11.58 15,58 0. 148 14,58
1125 1.5 1130 15.90 19.33 13.75 14.94
1350 12.18 11.55 16.24 10.56 14.05 15.20
1375 13.0¢ 11.80 14,58 10.78 14.35 i5.64
1400 13.34 12.85 15.92 11.01 14.45 16.02 i
[T 17.38 :
1450 17.69 . i
1475 12.08
1500 18.47 ; ;
*These duld wre for information, and it s ngt to be implied that materinly are suitable for ail the lemperatercs thows
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@ LINE AT NEUTR AL POSiTIoN

@ HOT FOSIiTion WITHOUT coLD SPRiING

@ HOT POSITION WITH COLD SPRinG

@ COLD ’POE’;ITION‘.“WJTH COLD SPRING

Figure 5-10. Cold spring in piping.

Cold Spring in Piping

Cold spring is the term used for springing pipe in
the cold position a per cent of the calculated
expansion. Figure 5-10 shows an L-shaped config-
uration with solid lines indicating the neutral
position, As the long leg gets hot the line would
expand 3" away from the anchor, forcing the
elbow out 3", By using 507% cold spring, cutting
12" out of leg X, the fine will be sprung in the
cold position. This reduces forces considerably,
applying reduction in both the cold and hot
positions since the elbow now only moves %"
beyond the neutral position.

Cold spring is often abused by inexperienced
piping designers who specify small amounts of cold
spring on their drawings. The designer must re-
member that pipe fabrication tolerances normally
are between /16" and 1/87, A cold spring of
178", or even 174" i ignored unless a special hold
f0 no tolerance note is added to the drawing — and
the designer must be aware that this will be 3
costly note, This type of cold spring is rarely
Justified,

Cold spring is apptied to piping systems for these
four basic reasons:

L. When required by detaiied stress analysis

2. To improve resultant forces and moments al-
though not reguired by stress analysis

3. To maintain adequate pipe spacing

4. Misalignment correction

Any small amount of cold spring may by
dictated by detailed. stress analysis. When neces
sary, drawings must show the specified amount to
the closest 1/16”, Cold spring may be specified
when not mandatory to improve resultant forces
and moments such as hot lines connecting to
rotating equipment. Less than H4™ is not speci-
fied.

T maintain adequate pipe spacing and clear-
ances in pipe racks and pipe groups, cold spring of
1" or more is specified. Normal bipe spacing will
allow for more than 2" expansion so cold spring of
less than 1" is seldom justified.

Misalignment correction cold spring is used only
for physical appearance and should never be
specified for less than 3/4°. Normally this is used
when a perfectiy flexible |jne would grow as much
as 476" and might appear 10 be out of line with a
paralict line, Small amounts of srowth here would
not be visually recognized,
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Piping Flexibility

Befinition of Terms

Whea working with metals certain terms are us-
el Te avaid any possible communication problem,
A glessaey is presented at the end of this chapter.
Seme o the terms inciuded will be used in the text.
The cthers are presented as a ready reference.

hment 4t temperatures above room
perature for the purpose of accelerating
[ the type that might take place
! aging at ordinary temperature is
vaded arnificial aging. When the changes
taking place during arlifieial aging are due
fv Uie precipitation of some substance from
solution, the heat treatment may be
peecipltation treatsrent. Aging is an
bl attainment of equilibrium
S nnstahle condition induced by 4
coetoperation. The fundamental reaction

»ogenerally one of precipitation,
sletimay submicroscopic. The method
vinpluved o bring about aging consists of
ADasdre 1o a4 favorable temperature
sthienuent o (u) a relatively rapid coaling
Fromt suine elevated temperature {quench
aeingi or (h) a limited degree of cold work
{struin aging).

oo

alelad - The comnon name for 4 type of clad
wrosight abuminem product with coatings of
Pigh parity aluminum; or an aluminum
alioy different from the core alloy in

R Y S S RS H

Aoy A wet e subwiance consisting of two or

more clenents, of which at least one is a
in which all elements are
miscihie 7o the molten state, and which do
nal sepasate when solid

mrelad, ond

whoving elanents Chemical elements constituting
In steel. usually the elements

shivd Lo modily the propertics of the steel

G iy

nzoand controlled cooling
fotmpart specific desirable

167

properties generally concerned with
subsequent fabrication of the alloy, such as
softness and  ductility. When annealing
follows cold working for the purpose of
stress removal, it is called stregs annealing,

are welding  Welding accomplished by using an
electric arc formed between a metallic or
carbon electrode and the metal being
welded, between twe separate electrodes, or
between two separate pleces being welded,
also called fusion welding

austenite A solid solution in which gamma iron is
the solvent, having a face-centered cubic
crystal structure

austenitic steel  Steel, which due to jts composition
has a stable structure at rormal {room}
temperatures; as for example: the [8-8
types. "It is not hardened by thermai
treatment,

bend test. A test commonly used to determine
relutive ductitity of u sample by bending it
over i given radius and through a given

angie

billet A semi-finished rolled ingot of rectangufar
or nearly rectangular cross sectjon

brass A copper-buse atloy in which zinc is the
principle added element

brazing Joining metals by fusion of nonferrous

alloys with meiting points above 800°F byt
below the melting point of the metals being
joined

brinell hardness A hardness number determined
by applying a known load to the surface of
the material to be tested through a hardened
steel ball of known diameter, Note: Not
suitable for measuring the hardness of strip
and sheet because of insufficient thickness.

brittleness A tendeacy o fracture without
appreciable deformation

carbon steel Steel in which carbon provides the
properties without substantial amounts of
other alloving elements
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carburizing Diffusing carbon into the surface of
iron-base alloys by heating in the presence
of carbonaceous materials

case hardening Carburizing, nitriding, or
cyaniding and- subsequent hardening by
suitable heat treatment, if necessary, all or
part of the surface portions of a section of
iron-base alloy

casting  Pouring molten metal into a mold or a
metal object so produced

cementite An iron-carbon compound with the
chemical formula FesC often calied iron
carbide

charpy test A pendulum type of impact test in
which a notched specimen, supported at
poth ends as a simple beam, is broken by the
impact of the falling pendulum. The energy
absorbed in breaking the specimen, as
determined by the decreased rise of the
pendulum, is a measure of the impact
strength of the metal.

chemical analysis Separating an alfoy into its
component elements and identifying them,
In quantitative analysis, the proportion of
each element is determined.

chromium A hard crystalline metal used as an
alloying element to give resistance to heat,
corrosion, and wear and increase strength
and hardenability

cold working  Permanent deformation of a metal
below its recrystallization temperature.
Also defined as plastic deformation of a
metal at a temperature low enough to insure
strain hardening. Mechanical properties.
such as tensile strength, hardness, and
ductility .are also aitered.

compressive strength  The ability to withstand
compressive stresses

compressive stress  Stress caused by a compressive
foad or in fibers compressed by a bending

cooling stresses Stresses caused by uneven

contraction, external restraint or locatized
plastic deformation during cooling

corrosion  Gradual chemical or electrochemicul
attack on a metal by atmosphere, moisture
or other elements

corrosion embrittlement  Embrittlement in certain
alloys caused by exposure to a corrosive
environment

corrosion fatigue Combined action of corrosion
and fatigue in which local corroded areas
act as stress concentrators, causing failure
at the point of stress concentration and
exposing new metal surfaces 1o corrosion.
The failure is progressive and rapid.

creep  Plastic flow of mietal, usually occuring at
high temperatures, subject to siress
appreciably less than its yield strength.
Progresses through first, second, and third
stages to fracture or results in stress
relaxation”

cyaniding A process of case hardening a ferrous
alloy by heating in a molten cyanide salt
buth, thus causing the alloy to absorb
carbon und nitrogen simuftaneously.
Cyaniding is usuaily followed by quenching
to produce a hard case

ductility  That property of metal which allows the
metal (o be permarneatly deformed before
final rupture.

elastic Nmit (limit of elasticity) Maximum stress
to which a metal can be subjected without
permanent deformation at the point of
stress

electrochemical  corrosion Locaiized corrosion
that results from exposure of an assembly of
dissimilar metals in contact with or coupled
with onc another; or of & metal containing
microscopic ureas dissimilar in composition
or struclure. The dissimilar elements form
short-circuited electrodes. The corrosive
medium is the electrolyte, and an electric
current is induced, which results in the
dissolution of the electrode that has the

=

Lo i3

o0

o

o

e

N

& !

i

4

LIS S S s S S &

2.’;}




C Ay [

LA

Piping Flexibility 158

more anodic solution potential, while the
other is unattacked.

clongation  The amount of permanent extension in
the tensile test, usually expressed as a
percentage of the original gage length, as
“25 per cent in 2 inches.” It may also refer
to the amount of extension at any stage in
any process which continuousty elongates a
bady, as mn rolling.

endurance limit A Hmit of stress below which
metal will withstand stress without fracture:
a specified large number of applications of
such stresg

cutectoid steel A carbon stee) containing 0.80%
carbon becomes a solid solution at any
temperature in the austenite temperature
range between 1333 F and 2500 F

fatigue The tendency of a metal to fracture under
conditions of repeated cyclic stressing befow
the ultimate tensile strength but above the
vield strength

ferrite A solid solution in which alpha iron is the
solvent and having a body-centered cubic
crystal structure

ferritic steel  Steel which, due to s corposition, is
not hardenable by heat treatment, Such
stainless types as 405, 430 and 448 are
essentially ferritic steels.

free machining  That property of steel imparted by
additions of sulphur, selenium or
phosphorous which promote chip breakage
and permit increased machining speeds.
Additions of sulphur or selenium also heip
to decrease friction between the chips and
the tool face,

galling The damaging of one or both metallic
surfaces by removal of particles from
localized areas during shiding friction

galvanic corrosion  Corrosive action occuring when
two dissimilar metals are in contact and are
joined by a solution capable of conducting
an electric current, a condition which causes

4 flow of electric current and corrosion of
the more anodic of the two metuls. (also see
elecirochemical corrosion ]

gas welding  Welding in which heat jg supplied by a
manuzaily or automatically controlled torch
Nlame of oxyacetylene or oxyhydrogen, also
catied fusion welding

grains  [ndividual crystals in metal

hardenability 1In a ferrous alloy, the property that
determines the depth and distribution of
hardness induced by heat treating and
guenching

hardness  Resistance 1o indentation by stendard
balls, diamonds, ete., under standard loads.
Also, the degree of cold working,

heading  An upsetting process used to form rivet,
serew,and bolt heads in making these
products from wire or rod

heat treatable Refers to un alloy which may he
hardened by heat treatment

heat treatment A combination of heating and
cooling operations timed and applicd 10
metal or alicy 1o produce desired properties

homogenizing A process of heat treatment at high
temperature 1o eliminate or decrease
chemical segregation by diffusion.
Attainment of austinite thay has a uniform
distribution of carbon,

Hooke’s Law  Stress is proportional to strain in
the elastic region

hot forming Working operations performed on
metals heated 1o temperatures abave roam
temperature

hot working  Hot forming above the recrystalliza-
tion temperulure

hydrogen embrittlement A brittleness sometimes
engendered by contact with plating and
pickling solution acid due to absorption of
hydrogen by the metal. The embrittlement
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is more evident in hardened parts, and can
be removed by aging or heating the steel for
prescribed period.

hypereutectoid steels  Steels containing from
0.80% to above 2.0% carbon

hypoeutectoid steels Carbon steels containing less
than 0.80% carbon

impact test A test designed to determine the
energy absorbed in fracturing a test bar a:
high velocity, The usual impact tegt
specimien is a standard size square bar with

aVor keyhole-type notch. {see charpy test
and jzod test)

intergranular corrosion  Corrosion which tends 1o
localize at grain boundaries, usually under
conditions of prolonged stress and certain
environments and in association with poor
heat treating or welding practice which has
caused the precipitation of a more casily
attacked constituent at these boundaries

izod test A pendulum type of notched bar impact
test in which the specimen is supported at
one end as a cantilever beam and the energy
required to break off the free end is used as
4 measure of impact strength

machinability The rate and ease with which 4
metal can be machined

magnetic particle testing This method of
inspection consists in suitably magnetizing
the material and applying a prepared
magnetic powder which adheres along lines
of flux leakage. On properly magnetized
material, fyx leakage develops along
surface nonuniformitjes. This method is not
applicable to high manganese or austenitic
stainless steels and nonferrous alloys which
are nonmagnetic,

martensite  An unstable constituent in quenched
steel, the hardest of the transformation
products of austenite

martensitic steef

Steel which, due (0 its composi-

Process Piping Design

tion, has martensite 4s s chief constituent
after cooling. The hardenable stainless types
are ali martensite steelg.

mechanical properties Those properties that revea]
the reaction, clastic or plastic, of a materia!
to an applied stress, or that involving the
refationship between stress and strain: for
example, Young's modutus, tensile strenglh,
futigue limit. These properties have often
been designated gs physical properties, but
the term rtechanical properiies s
technically maore accurate and therefore
preferred.

modulus of rigidity The ratio of the ynijt
stress 1o the unit
runge

shear
angular strain in the clastie

nitriding A process of surface hardening in which
aferrous ulloy is heated in an atmosphere of
crucked ammonia Eds or other suitable
nitrogenous material thus allowing nitrogen
to diffuse into the surfyce metal, Nitriding is
conducted at temperatures below the eritical
lemperature runge and produces surface
hardening of the meryl without quenching,

normalizing A process in which asteel is heated 1o
asuitable temperature above the transfor-
mation riange und iy subsequently cooled in
still air at room: temperature. This operation
s used for grain relining or o develop
specified mechanical properties.

notch sensitivity  The reduction caused in aominal
strength, impaet or stalic, by the presence of
d stress concentration, usually expressed as

the rativ of the notched to the un-notched
strength

permeability Magnetic permeability is the ratio of
the magnetic induction to the intensity of
the magnetizing field

physical properties Those properties familiarly
discussed in physics, exclusive of those
described under Mechunical Properties; for
example, density, electrical conductivity;
coeflicient of thermaj expansion. The term
has often been used 1o describe mechunical
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properties, but such usage is not
recommended,

pickling Immersion ir dilute acid or other suitable
media for the removal of oxide scale from
hot-rolled or otherwise sealed surfaces

plasticity The ability of a metal to be deformed
extensively without rupture

@
plating  Deposition of a thig film of a metal or
alloy on a different base metal from a
solution coataining ions of the plating metal

Poisson's Ratic Ratio expressing the relation of
strain normal to the applied load as a
proportion of direct strain within the elastic
limit, Also relates moduli of elasticity and
rigidity,

precipitation hardening Hardening of metallic
alloys, by aging, which results from the
precipitation of a constituent from a super-
saturated solid solution usually nonferrous
alloys. Also termed age hardening. (see

agingj

process annealing  An annealing operation carried
oul 4l a constant temperature just below the
critical transformation temperature. Also
referred to as suberitical annealing.

proof stress In a test, stress that will cause a
specified  permanent set in a material,
usually 1% or lesgs

proportionai limit  The highest stress at which the
material still follows Hooke’s Law, Similar
to elastic limi,

quenching A process of rapid cooling from an
clevated temperature

radiography The use of X-rays or gamma
radiation to detect internal structural
defects in meta! objects

reduction of area In a tensile test, the difference
between the original cross-sectional area
and that of the smallest area at the point of
rupture. It is usually stated as 2 percentage

of the original area, Also called contraction
of area. Not applicable to the mechanical
testing of sheet and strip. Also a measure of
cold work,

refractory metals Metals such as tungsten,
columbium, tantalum, molybdenum, which
have relatively high melting temperatures

residual stress  Stresses locked in a metal after the
completion of nonuniform beating or
cooling, working, etc. due to expansion,
contraction, phase changes and other
phenomena

resistance welding A welding process in which the
work pieces are heated by the passage of an
electric current through the contact area,
combined with pressure causing joining by
fusion

Rockwell Hardness test This test consists of for-
cing a cone-shaped diamong or hardened
steel ball into a metal specimen to determine

“the degree of penetration and, hence, the
hardness

rupture stress  The true stress given by dividing the
load at the moment of incipient fracture by
the area supporting that load

salt spray test An ucceleruted corrosion test in
which the metal specimens ure exposed to a
line mist of salt water solutjon

sealing  Surfuce cxidation caused by heating in un
oxidizing atmosphere

seam welding  Resistance welding which consists of
& series of overlapping spots forming
continuous weld

shear  Plustic deformation in which paralle} planes
in metal crystals slide so as (o retain their
paraliel relationship, Also, angular elastic
Sirain,

shear stress Stress acting on a shear plane

solution treating A condilion of complete
solubility resulting in 2 single phase for




compaositions T o

 solidus. 'Solid “solutions may be limited |

_extcn't-'with respect to range ‘of alloy s
7. compositionor,¢an: be ‘continuous,”

. extending throughout ‘an ‘alloy series.

 specific’ gravity A nui‘ﬁér_aéél value representing
the weight of a given substance compared

- with the weight of an equal valume of water

spot welding - A resistané’e_ﬁel&i:ﬁg process in which .
the fusion is limited to a small circular or

ovai area o

‘stabitization Prevention of the formation of
carbides at the grain boundaries of
austenitic stainless’ steels. Dimensional
-control ‘of nonferrous ‘castings. .

strain - Deformation expressed in units per unit of

length produced by strain
strain aging Aging induced by cold working

stress  Load per unit of area

stress concentrator or stress raiser
- scrateh, sharp “change of contour, slot,
groove, hole, defect or other discontinuity in

an engineering material which has the effect

of concentrating the stresses applied to the

material or generated in it by heating or .

cooling: v

- stress corrosion Corrosive ~ action “induced “and,
accelerated by ‘the presence of stresses

stress rupture A ‘test _i'é""dcsi'rucé'f_éﬁ at elevated

T temperature, “by  which it is possible to

determine the stress which causes failure st
ofa’

4 given temperature an
“‘glven period of time

d with the la

s temper A condit
-~ by mechanical or thermal treatment and

Process Piping Design

0 or “more  alloying -
temperatures lower' 'than “the -

Any notch,

A condition produced in'a metal 5 alloy "~

having . characteristic structu d.

range. The brittlencss is revealed by notche
:-bar‘"{?in‘spéct’ﬁéé"ﬁ"'”‘at*‘f&‘}m_ Eémp:éra'tur_e_ or

Jower té mperatures,

temperature below” the™ transformation
range and then cdbling at any rate desired.
This operation is frequently called stress
- relieving, C Drawing s synenymous  with
" itempering but the latter is the preferred
usage.

' tensile strength  The maximum load in pounds per

square inch, based on the original cross
" section, which may be developed in tensile
testing (see also wltimate strength)

thermal stresses - Stresses in metal, resulting from
- nonuniform temperature distribution -

through-hardening Term descriptive of alioys
which harden completely, so the center of a
hardened section exhibits hardness similar
to the surface

torsion  Strain created in an object by a twisting

' action or the stresses created by such an ac-
tion ~

toughness  Ability to absorb considerable energy
before fracture, usuatly represented by the
ared .under a stress-strain curve and
therefore involving both ductility and
strength

' Ultimate strength The maximim strength or stress

before complete fuilure or fracture occurs

vacuum melting A process. by which alloys are’
: “melted in a’\‘nga_r;perfeg:t_.vacus_{rp to prevent
.contamination by _atmosphezip elements

' tempe_ratu'rc “below “the »transforma on’

tempering © The ‘process of Ieheating < quench
20 o7 hardened or normalized “stes]: to &




yield point

_f""écfo;mataan occurs without increase in
load, In stainless and heat-resisting steels,

" “ferritic chromium types. In the austenitic
stainless and heat-resisting steels, the yield
point is the stress corresponding to some

The icad per umt of ongmal Cross .
_section ‘at_ which a marked increase :in -

his occurs only’ in the martensitic and

Piping Ftexibllaty : ... 163

dcf‘mtc and arbitrary lotal dcformat:on

permanent deformation or slope of the load

deformation curve; this is more properly
termed the yield srrengrh.

y:eid strength Stress correspondsng to some fixed
‘permanent deformation such as 0.1 or 0.2
“per cent offset from the modtz!;zs slope




Aliowable forces,
aluminum pumps, 144;

aluminum turbines, 146;

cast iron pumps, (44,
cast iron turbines, 146;
compressors, 146;
exchangers, 147:
steel pumps, 143;
steel turbines, 145
Adjustable wedges, 72
Alr coolers, 134, 139
Air filter, 60
~Atomizing steam, 85

Barrell pumps, 22
Boll studs, 60

Bottle wedges, 72
Box heater, 78
Break-out flanges, 58
Buckstay, 86

Burner piping, 82

Can type pumps, 22
Cuse support, pumps, 2|
Cavitation at pumps, 2
Comman spare pumps, 20
Comprassor, ™"
casé design, 42; °
cdse lypes, 44, ]
centrifugal, 42;
¢ylinders, 53; _
definition, 42, '§1; =+~
drivers, 44, 53; 50 5
cngine utilities, «60; -
location, 43;
reosplube and seal oil, 43;
~muintenance, 43, 63;-
. piping flexibility, 51
piet ar ;

surface condensers, 46
traveling crane, 43;
turbine details, 46;
wedges, 72

Cold spring, 156

Coupling guard, 21

Decoking, 111

Double acting cylinders, 53
Double pipe exchangers, 116
Drain fuanels at pumps, 22
Drop area, 44, 64

Exchanger,
uir cooler, 134:
air cooler cell, 134;
air cooler piping, 139:
busic parts, 117,
coil shed, 137;
double pipe, 116;

Ex}musi Silencer, 60

horizontal, 125;
humidified air cooler, 137,
induced vs. forced draft, 135,

- nozzle, 125:

nozzle reinforcement, 134;
odd vs. even pass, 134

~outline drawings, 120:
woepart definitions, 123;

pipc rack mounted, |335;

‘piping expansicn al air coolc,rs,

139;

.'.:.:_.pzpmg rule, %fﬁ

shell und tube, |

thermosiphon rcbt;ifafs', 123

vertical, 124 .,

- 'imtrumenldhon 60

Jucker wuler, 62

~Lube oit console, 43

Flexibility of pipmg 147-134
Fiue gas, 82

Flywheel, 53 :
Foundations, 47, 63

Fuel gas, §9

Guas, wet, 65, 8§
Gitycol jucket, 60
Qra:mg. floor type, 63

Hairpin, 116
Head at pumps, 2
Heaters,
arrangements, 98;
burners, 82;
decoking tubes, [11;
dual purpose, ¥2:
flow through, 82;
instrumentation, 109
locutions, 9¢;
maintenance, 90;
parts, 78;
passes, 81
piping, {0f;"
soot blowers, 111:
symmetrical piping, 105;
two-phuse {low, iCiS
types, 78
Hold-downs, 72 :
Haook heigh, crane, 44
Herizontal pumps, 26 -

© Hydrogen separator, 66 -

Iatine pumps, 4, 6 y
Fnternal line design, 66

Inex




" Munifolded piping, 101
Mezzanine instaliations, 44

= Observation doors, 81, 95

_ Oif gun, 90

Outline drawings, pumps, 16
Overhead tank, 49

Peep holes, 81
Pilot gus, 81
Pipe support spacing, 68
Pump,
_cavitation, 2
. close nozzies, 6;
curve, 2:
definttien, |
discharges, 8;
end suction, 6
head, 2;
horizontal, 20;
hot piping, 6;
inline, [6;
nozzle rating, 10;
performance, 2;
side suction, B;
stations, |;
sirginers, 4;

suction valves, 4, 14;
types, 1;

vertical, 22

Pup, definition, 8

Quick check method, 148

Reactor-heater piping, 90, 97
Reciprocating compressor, §i
Reducers,
al compressors, 43;
at pump discharge, 6;
at pump suction, 4
Regeneration, 51
Reverse flow, 116
Ring headers, 85-86, 104

Seal ail,

consofe, 43;

overheuad tank, 49
Sentinel valves, 23
Side suction pumps, 8§, 20
Snuffing stcam, 89
Soot blowers, 1}
Starting air, 62
Strainers,

basket, 4, 7-8;

165

conical, 4, 9-10;

flat, 4, 11,

turbine,, 35
Surface condenser, 47

Tandem drive, 42
Taper boring, 101
Thermosiphon reboilers, 123
Thermowell details, 110
Tube pulling, 90, 96, 120
Turbine,

inlet piping, 1%,

cutlet piping, 39
Two-phase flow, 105

Valves, pump suction, 4
Vertical heaters, 78
Vertical pumps, 22
Volume battles, 60
Volume tank, 62

Washer installation, 74
Wedge braces, 72

Wedges and hold-downs, 72
Weight, concrete, 53, 63
Wet gus, 63, 89




Piping designers, engineers, students, and professors:

Hera's a thorough course in the design of piping systems
. for Processing plants. -

In the two-volume Process Piping Design, Rip Weaver
systematically expiains each phase of piping design.
With his extensive experience, he provides solutions to
the problems facing piping designers.

This reference is an excelient text for schools and
businesses. It includes review questions at the end of
each chapter and dozens of helpful flustrations.

Easy to understand and absolutely complete, this
Is a vital guide to all involved in the design or instalj;
of industriai piping systems. R
About the Author

The Iatej«’{fp Weaver had more than 35 years of expe

published. His bocks are used as textbooks through
the world. Mr. Weaver was a consultant in Houston, Texas

Also from Gulf Publishing Company—
Video Training Presented by Rip Weaver

Piping Pointers #BP06  S5-part series
Shows designers andg supervisors many time-saving,

cost-cutting techniques for doing better, maore etficient
piping drafting.

Piping Familiarization #BF14  13-pan series
Provides a clear, thorough understanding of process
plant terminology, components, and functions.

Applied Process Design for Chemical and
Petrochemical Plants
Emest E. Ludwig

Volume 1, Third Edition ISBN 0-88415-025-9 #5025
Volume 2, Second Edition ISBN 0-87201 -753-2 #1753
Volurme 3, Second Edition I5BN 0-87201-754-0 #1784

This classic, best-selling series shows how 12 2pply technigues
of process design and how to irterpret results into mechanical
equipment datails,

Gulf Pubi
Book Division

> S

Blueprint Reading Basics
A complete course in reacing blueprints and drawi
b!uep{intvsymbofs. :
Preview videos are available. Call (713) 520-4444, _
Piping Fundamentals #BET0  10-part serie

Packed with proven technicues of piping drafting, desig
and engineering. ke

Process Design Case Studies ISBN 0-85295-276-7 #OCH1 4
Ron Scott with Norman Macteod )

Examples of real processes help students undertaking de
projects and serve as a refresher tor industrial design engineers

Pracess Piang Commisséening 15BN 0-85285-260-0 #9CH3
A User Guida : .

Davig Horsley and John Parkinson, Editors

Now ensure that inftial commissioning and subsequent
tations are carried out safely,

PRODUCT #1993
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