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ABOUT

International Association of Certified Practicing Engineers provides a standard of pro-
ENGINEERING fessional competence and ethics. Identifies and recognizes those individuals that hav

pRACTlCE meet the standard. And requires our members to participate in continuing education
programs for personal and professional development.

VOLUME 3 In additional to insuring a professional level of competency and ethics the IACPE fo-
NUMBER 8 cuses on three major areas of development for our members: Personal, Professional,
JANUARY 2017 and Networking.

HISTORY

The International Assocetion of Certified Practicing Engneers concept was formulat-
ACADEMIC BOARD ed by the many young professonas and students we meet during our caeers
working in the field, running training courses, and lecturing at universities.

During question and answer sesions we found the singe most common question
was:Wha elsecan | do to further my career?

Dr. Dominic Foo

Dr. Sivakumar

Kumaresan W e found, depending on the persons avail able time and finances, and very often de-
Dr. Ir. Muaffaq A Yani pendent on the country in which the person was from, the options to further ones
M.Eng career were not equdl.

Many times we found the options available to our students in developing countries
were t00 costly and or provided too little of value in an expanding goba business
Suwargina M.T environment.

Ery Fatarina S.T, M.T The redlity is tha most of our founders come from countries tha require rigor-
ous academic sandards at four year universities in order to achieve an engineering
degree. Then, after obtaining this degree, they complete even stricter governmert
LEADERSHIP BOARD and state examinationsto obtain their professima licensesin order to join profes-
siona organizaions. They have been afforded t he opportunity to continue t heir

Karl Kolmetz persona and professional development with many affordable schools, programs, and
William B. Lotz professional organizaions. The IACPEdid not seethose same opportunitiesfor every-

) one in every country.
Lin L. Choo

Ir. Drs.Muradi

S we setout to design and build an assaiation dedicated to supporting those eng-
neers in developing in emerging economies.

The IACPEtook input from industry leaders, academic profesors, and students
from Indonesia, Maaysia, and the Philippines. The goa was to build an organiza-
tion that would vdidate a candidaes engneering fundamentas, prove their
individuas skills, and enhance their networking ability. We wanted to do this
in a way that was cost effective, time conscience, and utilized the latesttechnologes.

MISSION

Based on engineering first principles and practical real world applications our curricu-
lum has been vetted by academic and industry professionals. Through rigorous study
and examination, candidates are able to prove their knowledge and experience. This
body of certified professionals engineers will become a network of industry profes-
sionals leading continuous improvement and education with improved ethics.

VISION
To become a globally recognized association for certification of professional engineers.

IACPE

INTERNATIONAL ASSOCIATION OF WWW. I ACPE. COM | | NFO@ ACPE. CON
CERTIFIED PRACTICING ENGINEERS KNOWLEDGE. CERTI FI CATI ON. NETWOR




LETTER FROM THE PRESIDENT

KARL KOLMETZ

Make 2017 Your Best Year Ever
We have turned a new page, we have a new opportunity to make 2017 our best year ever. What are
some thing we can do to make this our best year?

A Good First Step is to Celebrate 2016

What did you accomplish in 2016? What were some special moments in 2016 that you will treasure the
rest of your life? Do not get so fast paced in life that you overlook the small treasures. What are you
most grateful for? Make a list of good things of 2016.

My grandson was just old enough to begin to understand families. He understood his father, his mother

and his brother were his family. His father brought him and his brother to visit me on the farm. My
grandson asked me, oOPapa K where is your family?6
we are his family.?é That is a simple smal/l mo me n

Bring the Good Forward and Throw Away Yesterdays
New Year's is a time when people reflect on the past. What worked well and what did not work so well?

What should | improve and what should | leave behind? Many of us have a charcoal grill. If we want to
have a good fire in the grill today, we must thro
ward with them into the new year, in fact some people treasure the ashes for multiple years. You need

to throw away yesterdayds ashes.

Knowledge
What did you learn in 2016? What are the 3 best lessons you learned in the past 12 months? What path
and technigue was the most successful? What were your best practices?

Values

You cannot really set goals for the new year until you decide what are your values? Establish the values
you wish for your year and life, then set your 2017 goals. Clarity proceeds mastery. Clarify your values
and then master your goals.

Be Thankful
Practice a habit of thanking people around you, at work and elsewhere. It is so nice to recognize people
and to be recognized.

All the Best in 2017,
Karl
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NEWS

Busy End to 2016

IACPE had busy end to 2016. In October IACPE was offi-
cially registered in the Ministry of Justice and HAM by deed
No. AHU-0076099.AH.01.07, thus our presence in Indone-
sia has been recognized by the Government of Indonesia.

IACPE President Karl Kolmetz came to Indonesia for MOA
and MOU Signing Ceremony in November at Wahid Hasyim
University, Semarang, Central Java and continued with a
seminar o0Career Guidelineso
Semarang and to gave a CPE 1 certificate (Certified Practic-
ing Engineer Level 1) for fifteen students who finished their
IACPE Level 1certification.

LY4D demmardng vinveiar ~ertiticates Awarding ificates Awarding
Wednesday
15 1945 Semarang Universi Now 45 Semarang University November 16, 2046

Career Guidelines Seminar
&
CPE | Certificates Awarding

| Certificates Awarding

S stus 1945 Semarang Unigersity
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Il ntroducti on

Pressure testing of a new pipe is required prior to commissi
Hydrostatic testing is the most commosepviecsupepeleishé nmayneb
part of a preventative prograemceéopivpeifpgepi mayi ategrbeéeytesne
to be increased, modifications to the pipe are made or a chza
Hydrostatic pressure testing is wuniversally known and accep:
ized component for pipe service. After a test, a pipe can b
The confidence | evel that a pipe or pressure vessel is fit

erating pressure increases Hydrostatic test reveals weakne:
When compared to other equipment in a hydrocarbon processir
stringent standards. Mechani cal Engineering codes require a
piping system is normally considered the safest part of the
catastrophic accidents show that piping system failures repi
Since these systems are responsible for many catastrophic a
nel should understand t hFeaip outreentoifala ns aofpeetryatcionngc eprinpsi.ng can r
cerns, damage to property and has the potenti al for signifi
ensure that a pipe is free of | eaks and is capable of maint
der to | imit the risk to the public and the environment.

I n som countri es, approval from regulatory agencies must |
been put in place to minimize the risk of unacceptable envi
as a result of testing activities.

This test has a | ot of considerations that must be consider
purpose of this article is to show how to do the hydrostati
and rul es
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Definition of Hydr ostati cT®rieegdruorsd aTesttest water vol ume
standard pipe size.

Hydrostatic pressure testing involves the filling of a secti
of pipe to be tested with water, addin addi tional water
the piping until the desirepgd p.r e I re,a and
mai ntaining the pressure in tQ'\U? %8 Ps(! ngFpeeFF |-_elﬁp&;_laeleled
b re l ator aut horities. .

y gu y u it (mm) (In¢qnesmm)( (mlk/rr)

Many piping standards ar e s i.n Hy droflta s s ulr e
testing in order to prove tHe qutégr'ty 5(‘?leil)% and wel
to the owner company, regul dto b 1 orltles apd pub -
lic. This procedure is condluctéegi-%n §1ev plpe2I| % '}és we |l |
as osBelfiwnice pipelines when [a _chanpge o0 r v.i c

proposed, an increase in operaltli -g*gpflessur%e- s pparilned or
to verif the integrit of tfhe I T ng..

Y 9 Y 168°3"% 4.0 20. 3
Hydrostatic pressure testin 01 new _pljpe 15 Nnaertlaken
following completion of backfi2lli%.-nlg.8pPqior6.-tdo [fi313:ithg the ¢
with a water, a cleaning pi g5 _mMust[ DeE Umnm T nropglr,_the test
section to remove any debrid @el.3g.} wleQ@ dingb 14t}ed3.4dirt) fr
the pipe. The pipe section [0 bT TS L E s trmgm 111l ed wit
tes 323.9 12 7.

406.4 16 9.5 117.1]9
508. 20 12.7 182.1]9
559. 0 22 12.7 223.|6
609. 6 24 12.7 268 .4
762. 0 30 12.7 426 .]1
813.0 34 12.7 487 .]2
914. 4 36 12.7 620.(2
1067.]042 12.7 852 .|1
1219./]048 12.7 1118} 9
Figurkydrostatic pressureWaketi mPudgicepi peommonly include r
dugout_s, borrow pits, wel | s and I
The volume of water requirelndz‘?Jlozr?'pgntesqlngnal %)énggg l?%‘)d
tgglle;angth of the test seCtp'eonndlnnd djd ar{netﬁé’ PB I)BFa 9 %
) season. Alternatlvely, t he plpe n
wel ded on to allow testing.
INTERNATIONAL ASSGCIATION OF
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Water is reused along a plpEedumlgmérnqmoofneTég@ﬁnSQectlon t o
another in order to minimize water requirements. Since
the test section of an oper|ant|hnygdrpolspteatmacy tbeestdo%nlsltrpeearmsonne
from the nearest terminal (preqh kbdp@bn we alr h & ywataenrd "hagyarfen g
required to travel along ti bﬁ1@ntf (PR )consuplf:h@phqgréilsth
tance prior to reaching thep rfftS useéd tilMNhydrostatic pressure
Water for testing and fl usdi g (I clean and free
from any suspended or disg F"re% gruebsptbempces whi ch
could be harmful to the pi Pmeeerrgai"re¢oi%h8%ernal coating
(\_/vhere applied) or which c&uﬂ@mpermtldle@olsémardn/&rt_hin t he
pipeline, or which may be q9npesewéti§he @riestsher edigsapuogsea |
location f Pressure gauges
Car shall be taken to insdré&tfRrRkeyceunterciean water for
hydrostatic tests and the %$eldydwaastratiisc grechi tyiiteddl pbothe
used Hydrostatic testing qshglglh e epsesrufrer Mok esi ng pot a-
bl e water with a chloride cﬂorbtentk q/falroaexs 50 ppm for aus-
tenitic steels
T Fill pipe
Planning of a hydrostatic tfsHilptreorgram involves the sel ec-
tion of an appropriate tegt wadéers asSnfpurecse . ldeally the
source water should be:
T of _h'gh quf"‘"ty Preparation of Testing
f available in | arge vol umes
f located near the optimum Allllchbiom:tast,ioinncl_uding wel ds, s hal
1T accessible with a mlnlmum%S‘t&tﬂ ilsedir bameai nted and Ie posed
: : t ieN tys; nevi,ous test
1 \F,)\”C)::EIIn the same drainage %CSI}fﬁlcatIJ[O%n dlsgbhear%o%ulated or
 economical Piping designed for vapor or gas
addi tional temporary supports, i f
The potential exists duri ngwewagthetr owi tthide atwast t bi adivér sWher e
affect aquatic life, soils ponrdsl smallsde Thecdégrdei nftheskh
to these environment al components can be influenced by
t he: Lines which are counterweight suyg
rarily blocked during testing in
f source water withdrawal roaftteahettESIff|U'd- S'prlntghhatngetrs
. wi stops or carrying e es
1 "F"Pme withdrawn addi tional temporary supports: | f
T timing porary support must be provided b
f location and sensitivity of the withdrawal point
f activity needed to prepare, use and abandon the with-
drawal site Procedures of Testing
The main objective of analyhenghys {Ioesctt"’\toinct rees‘ss.oLlJrrecetd(?/v t_ir:g
ter is to confirm that subsht & EQ t XE.anﬁlé(@ePbggc d'esf-j
charge problem are not bei§£ i° trecfducued'..E‘SSurufracneg|V\}abeer.y rfo
or groundwater may be test ef destg® ih'di‘iefg Is\Pe&"t ts.olei d's" u
salts (electrical conductiVietg@ledoliPu SQbE%dpiShht 1 Cr d€FsH) N
pH, trace metal s and suspe_[nhded solids. The selection of .
a test water source is alsao (?eﬁeeﬁ&enetngdd’(?r?rtlf&aéﬂiIplrte)P?tréé ¢
obtain approval from regu|§tuéle)é.tggéll]§]lge§)p§|?& tRBS ) gy vadn T
owner sponsi rties 0 hii's ubordinat
shall be submitted to the Princi
Tested piping shall be |nt??¢?1 I?’a/d%yis pnre'%ofrt oth r&t W&”&Pme”t
remaining dust and forelgn"et‘f“;{1 £ ¥qpe yyor. qRage % ﬂ°§' an g
bl owing with air. FlushlngSsuhrael.ltebget!dchn PEiréf ' @Néasn@ ef O
using hydrostatic test wat drS WH&EL ﬂ)é‘sé’virblténgWater used
for speci al flushing or cleanin of austenitic stainless
steel shall not contain more than 50 ppm chlorides, i . e.
Where speci al treatment is required, such as cleaning of
compressor suction and lube oil pi ping, a separate proce-
dur e shall be prepared by contractor"'s Operations/
Commi ssioning Group.
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The test procedure shall include 5|Bu§t be | imited to:

f List of nominated personnel whosare to supervise
the pressure testing operations with theE#f. glbalifica-
tions, t asks, responsibilities and authorities.

T Detailed schedule giving proposed, dates of the main
activities, tests and mobilizati ¥ €d&tes of the nomi-
nated personnel ) | |

q Detai!s of t he selected test secﬁyoorncsstatncrputdlmrrtugmpqcseasscuuré
sembliestastd peetions. = internal desigr

T Identification of potenti al safegyjr@n@)kgs/nd/mronmentaI
hazards, including t he necessary 9g9ineasures aﬁndwable stre
emergency plans. test temper®pture (kg/cm

T Details offi [tthewaltieme including theS sourc®e, all owable stre
treatment method, discharge/dispotteasigimdtfpmp efatsure (kg/ cn

9 Details of the test equipment, i cludln% 8§ o Jf"?"én!i AP I
size and/ or performance. d SME" B3 1.

T Details of the test section re tio hle S i S 2

; ; . . P L&l Ofest presds nrge is 1
cleaning, gauging and filling.

f Details of the hydrostatiwheRleeSthé e tlteggqt dmrreeswdraéi%rs, def
including temperature stadtidémr@th oot peésodt emperature, the

T Details of the hydrostatiac spressurie taxstss ioficltihei nsgpeci f
prteest, strength test anddbeaWd tpPpghtpessstesetat which the

f Details ofedthiengposati vitiSPLCci fhefuBiAgmym.yield strength
pressurizing and document_F\tlo Axi omu fest fessure at whi

T Detalls_ -festthlengpoasctt|V|t|esf,| 'n'a?{nlé‘gz'c%%dd??re specified mi
pressurizing and documentﬁ"é'é’aplculated by the following eq

The nor mal |l ocation for the pressure test gauge is at

grade near the pressure test pz§% and at the highest

point of the piping syste may be made at

hi gher points providing the gaug pressure reading plus

the static head between grade an the pointEmpf 2neasur e-

ment does not exceed the maxi mum test pressure.

Wher e

Piping systems shall befilledfromalow point and fil -

tered with a 10 micron filter. Durinmmfill Engnagaf mutmetesegst @I

al l air or gaseous substance shallsibree v@g/edcnirom high

point to the maxi mum extent possi bl e&. =Hy dsrpoesctiaftiiecd t en$ hi mu m

water wi || be discharged to the nsetarreersgthstaarmewa)eemperat

drains. t = specified pipe wal
minus mill tolerance (cm)

Hydrostatic test pressure shall be mBi rnt aiuned dieordi ameukti { c

cient length of time to visually detErminquaIfilt;herfeacaroer ahy

| eaks, but not |l ess than ten (10) memueesatgﬂjes pressure
shall not be required to be maintained in excess of two
hours after notification to contractor

For hydrostatic testing of piping

After completion of the testurepares$olbowsall be released

by opening the valve gradually so as not to endanger

personnel or damage equipmgntinéds ian rexlteermnfal t humBsure ser

pressure releasing rate “stmrl |t bear eismst efrhmal -BiOds i Iph€es ¢ three e

For piping Iline for which predﬁSfurreerernetheaaSIdnerurga]tqorle%stucrebebr

specified, refer to specificpirelsnedubfemenss. kdffm pr(lcgnnb3|

pletion of the test, the pgpjiNOedndy ¢ANRMER e SPAL by PLI 1

drained completely. ed on the basis of the internal

. sure, whichever is critical. TEFt

Pressure of Testing prior to completion of the jack

The mini mum of hydrostaticﬂtel—s]fe bfcs)?;o.l?r aldlesiegn%rd S$S4re te

internal pressure at any poiﬂtaCkl‘? t HE %9 t & hal " %e as

foll ows 1 Where systems require hydrosta
static equipment, the test pre

9 Not I es&/2hanmés of the des§yn@HreQlulr@ exceed vessel test

T For a design temperature above the test temper a-
ture, the minimum test pressure shall be as calcul at -
ed by the following equation.
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Safety of Testing : For each complete pipeline, the C

"final hydrostatic test report",
The safety related issues ineluding BlUt nhetevamitedpebi nee
following should be addresStealtiicn eroetSSHaEartcESAnalT)h§| sconten
(JHA) to be made by contrac¢netufierthperfolmwicegof Pres-
sure Testing activities:

f Originathgdopbdbsuahtic dest certifi
T Appointment of contractor] sorTgSthaCentofolal er reBerdéer idhart

attendance and responsibﬁeA||hrporuegsh u“re trrbeddtﬁéging
and inspects the welding u ng g
. AII e,mperature readr gs
T Appointment of the subcon cltor tf st cont ddlle whoI d
wi || be responsible for orlunnéessaof L8t ag accorde
ance to the specification‘ﬂ Instrument test certrfrcatron

f Display of safety warningl sAignscotnd ealte rptl owo rakngr < ail £ utl taég i o
vicinity of the pressure femrtdansggurwg tahnd itnemp e rdeetnurid ipladti sor
. Pressure test training anfdpmacBueeabempefaturceo MPer-rel ati o
tency register as requireq tPthaFrolns‘FoathlPrFreeéiiﬁt@Ht’ FheRages
f Pressure rating for t he '”tngt anq| [ap cf"fndclefherHESStgaugr

equipment and the reqmre.nd ﬁhotograph ersetclord of the used
Record of Testing ﬂLeahoeatrng(rf carrled out)
T Pig register of dewatering (if
Records shall be made of edcHepiapil sfgiddly dwiastee rt edsits.poshads e i f ¢
records, when compl eted, sh'[palptecbta fs.ucbam||tdredreacsorpdasrt($i0ff ct ahrer j
test_and inspection certi f- ;'caAtneys s%he'cqrblarfeeat%qlé'r% ft‘Ptre PEE
commi ssioning. Records shal ] c
Test procedure
Date of test . . . .
f I'dentification of piping%—g—g—t—é%—gg—d—a&n—y—vge%—slq Re 'fe?E“e%FS of
equrpment tested with theI fpraprneg I(syls esmuspected, pressure
i Test medium of the test pressure before carr.y
1T Test pressure and maintaitniorg. tlifmeit is not possible to |
f Mini mum ambient temperat utiesual examinati on, use a met hod
ing of |l eaks at test pressure wit
All test records and authoroinhed €8htyhbBOoPUlcetrhg fWarak. ons
shall be retained in the Test Package records for turnover
to the Owner. Test data basle0 sthfa8qr pteo else @bilfixheaytedemeat s,
tor status and progress. partially or completely dewat er t
dewatering of test sections cont
Documentation of Testinguse weafirectional plgst remotely
|solat|0n pl ugs nd/ or hyperbaric
Al l recorder charts shall Dl Chetd0 b'sotlrﬂén9|é°§‘tt‘atér@ ?‘Hg onr 1
when placed on and taken tf‘?f“fn dreedstrdefctin®n, riefcSolregded of
charts taken during the hydr ostatic pressure test shall al s
signed by the Co Bidi rectional pigs propell ed b'y C
used for dlspladerhént adfert hdi gign
be carried oufpraegasiumset od Mhydk ost s
plus 1 bar so that air €foésedot
section. No attempt should be ma
section by letting the water run
gravity.
The test section shall not be 1| e
pletely dewatered condition | onge
any further internal corrosion pr
pogittwatering perifoidl lanwlattelre qluiar e
may be necessary to purge the t e
or swab it with fresh water nd/ c
internal corrosion.

FigureR2cord of presReference

Upon compl etion of a suci®Bad gdedli nessecHYidorno s tt @tsit co (Faensat- Wat e
hydrostatic test certificate" Gihanl | AD%0 ¢ioanlpil ®n e@df aRat 6P lgaed
by the Contractor and Company. d8hi 4989fall be supported

by ori giwrailt theenndt est dat a f o] 0 i

shall be handed to the Com ﬁDroYf’Bbgé‘APSH\ﬁE ﬁBﬁ%ol Gteﬁr)'?lefiggtlg'
shall be completed for—teesachantdest, |nclud|ng pre

assembly testing.
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Control Valves Fundamentals

Introduction

Hundreds or even thousands control loops &
networked together in a process system plant
maintain the important process condition; such
pressure, fluid flow and level, temperatures,
During the process, each of these loops rece
and internally creates disturbances that might a
process conditions

Hence sensors and transmitters are installed
send information about process condition chan
to the controller, which can make any need
corrections actual to the desired set point
sending a signal to the final control eleme
Furthermore, a final control element is needed
provide the power and accuracy to control t
flowing medium to the desired service conditio
The most common type of final control element
industrial process control system is control val
The valve makes the change according to the s
from the controller, completing the loop.

type of the applicati
Some common cases come along with this co
valve sizing; an oversized control valve will sp
an extra cost and introduce some difficulties
controlling the low flow rates, while an undersize

is an Engineering Consultants foc
providing engineering and technic
gas industry.
We develop innovative and cost ef
hel ping our clients to achieve hi
assets by providing expertise, no
ate tool s
-FEED to Detailed Desi
-l ndependent Desi i ication
-Ri sk Assessments

PT Dinami ka Teknik Persafigset Integrity

provide Engineering Desi'@'nf!‘ E?‘IS?? 'E‘:Spf

to the upstream and downg® 22,7 ¥ =800 ance

_st(rjeatm sgctors of oil &-Igéan§alning Life A

I ndusti Cuy -Finite EIl ement A

-Processing plants

-Pr e s s UdrerachENsacuE Addr ess Ruko | ev

-Heat exchangers J I Pahl awan D C

'g'Phng S TR Tangerangnd

-Onshore pipelines

-Of fshore pipelines Phone .l F.aﬁ_Z 1

-Of fshore platfor ms Emai | : -einmgf. @

-Drilling rigs Website:-emwguwc
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valve might not be able to handle the maximum capd@bie diaphragm (and attached valve stem) is

ty of the process flow.

The ontrol valve supports the other devices whi

work together resulting in an ideal process conditiaesulting

balanced inits position by a spring on one side
and air pressure on the other. In flow control,
adhe air pressure changes in response to a signal
from the measurement of the

Hence, it is crucial to make some considerations befdifferential pressure across an orifice or other
deciding the correct control valve sizing and selectiiow-sensingelement.
The selected valve has to be reasonable in cost, require

minimum maintenance, use less energy,
compatible with the control loop. Malfunctignin a
control valve might causthe process system noto
work properly.

Nomenclature

C Critical flow factor for line-size valve

Cs Critical flow factor for valve between
pipe reducers

C, Capacity coefficient for control valve
in fully open position

Cwc Calculated coefficient for control
valve

D/d  Ratio between larger pipe dia. to
smaller pipe dia.

E Expansion factor, 4/

k Ratio of specific heats

M Molecular weight

P Absolute pressure, psia

P’ Absolute pressure, psia

P, Critical pressure, psia

P Differential pressure, psi

P, Vapor pressure of liquid at flowing
temperature. psia

Q Volume flowrate, gpm

R Correction factor for control valve
between pipe reducers

S Specific gravity of liquid, p/ Psow

Sy Specific gravity of liquid at 60°F

T Absolute temperature, ‘R

A Sonic velocity, ft/s

w Weight flowrate, Ib/h

[ Viscosity, cp

p Density of fluid at flowing condition, Ib/

ft3
60 Density of fluid at 60°F, 1b/ft3
cow Density of water at 60°F, 62.37  Ib/ft3

Subscripts

I Upstream conditio n

2 Downstream  condition

Major Types of Control  Valves

One major group of control valves resembles tl
globe valve (Fig. I). In place of a handwheel, an actt
moves the valve stem and plug, thereby opening
closing the valve. The usualactuator is an air-
operated device whose housing contains a
diaphragm that separates it into two compartments.

and The single-ported control valve (Fig. I) finds use

where tight shutoff is requiredin addition to
flow control. The double-ported control valve
(Fig.l) has two seat rings with two plugs on a
common stem. This is a higher capacity valve
than the single-seated one of the same size.
With hard seat rings and high temperatures,
the double-seated valve cannot shut off tightly.

3

o |

Double-Seat (E qual-percentage Alternative Actuator
ported plug, fails closed) And plug

Single-Seat (Equal-percentage
contoured plug, fails closed)

Figure 1

The valve accessories shown in Fig. 2, allow for
various operating functions and conditions

Bellows Bonnet
(Seal between valve and
packing box in toxic service)

Extansion Bonnet

Finned Bonnet
For tempertatures higher than400°F (For cryogenic temperatures)

Handwheels
(Formanual operationat
startup or air failure)

Pneumatic Positioner
(Or transmitter)

Limit stop
(Restricts stem movement]

ACCESSORIES extendusefulness of control valves by providing for extreme and unusual conditions-Fig 2
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100

In recent years, a second group of control valves
has received wide acceptance. In these types, th /
actuator rotates a butterfly flap,plug or disk around :Z 1% plug movement
its axis (Fig.3). Size for size, these valves usuallys _ 0 | /
have higher capacities and less flow resistance thi¢¥ _ | F/
the contoured- plug valves. Generally, control 2 ,, 107 capactty ehenge P 4
valves with rotating axes are suitablefor a wide5 | > s
range of flowcontrol applications. 20 | Qg““ o
10 __:: = — il
° 2 3I .; EI» SI ‘ BI 10 2I0 3IO 4‘0 5‘060 s‘olmo

Flow, % of maximum

Flow characteristics of ported or contoured
plugs oFig.4

A plug having linear-flow characteristics is
commonly specified for liquid-level control.The
equal-percentage plug is used for pressure ftow
control; or where only a smallpercentage of the
overall pressure differential is available; or where
pressure drop across the control valve varies
greatly.

The modified parabolic-flow characteristic falls
between the Ilinear andequal- percesmgje
characteristics. This type of plug (usually V-port)
finds use where the major part of the system
pressure drop is available for control.

ROTARY actuator

Moves flap,plug
ordisk-Fig.3 Actuators (also called operators or valve

positioners) lift the valve stemand plug above its
Characteristics of Valve Plugs seat, or move the plug in the seat cylinder. Butterfly
The valve plug can be disk type,solid contouredasrball-type control valves have the actuators side-
ported. Flow-control characteristics depend onmounted because the actuator stern rotates the
the shape or cavities of the plug. The three basalve axle. Plug characteristican be influencedy
types of plug and their flow characteristicare: the linkage between actuator stem and valve axle.

Quick Openingy single-disk (for high temperatureshe valve housing and the operator's yoke are
or a double-disk (for low temperatures) plugseparate pieces. Hencafter a valve is installed, the
is used for total shutoff or opening. A diskoperator can be rotated around the valve stenor
type plug has linearflow characteristics andralve axle, relative to the valve body. This enables a
short stem movement. convenient position to be chosen for the actuator,

in order to provide access to operating points on

Linear Flow plug has linear flow characteristitke valve. Hydraulic, mechanical and piston
when the flowrate through the valve isoperators are also available.
proportional to the lift.

Safety Requirements

Equal Percentage plug has equal-percentage
characteristics if at any plug position,the saméthout air pressure in the pneumatic actuator, the
percentage of changen flow takes place forvalve can be in closed or open position.
the same amount of plug movement. Th&hese alternative positionsare accomplished by
percentage of change is related to tHowrate reversing the seat ring and plug, or by reversing
just before the plugis moved, as shown irrig. the location of the actuator spring from belovto
4, above the diaphragm (Fig. I).

Most plug characteristics are somewhere near One concern of the designer is to select valves that
between those described. Manufacturers providewill fail-safe in the event of instrument-air failure. In
diagrams similar to Fig. 4 fazgach valve. principle, a control valve fails safetemperature
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and pressure of the process system do not incred$igh velocities across the valve orifice can wear

after the control valve becomeactive. out the plug and seat, especially if temperature is
also high or when abrasive fluid is present.

For example, fuel-oilcontrol valves to heater burners

should fail closed. At the same time, feed to heakdpw Coefficients for Control Valves -Table |

tubes (in most cases) shouldfail open to avoid

overheating the furnace tubes. The feed control valve _Flow Coefiicignt, C
to fractionating columns usually failglosed. Steam| Si zse,| | $s| n gt' el Doub3eaty
supply to reboiler fails closed. Reflux drum vapgs N f_a 5
outlet and reflux pump discharge valves fail opeQ
Control valves in minimum flow bypass lines a 1 9 12
centrifugal pump discharge lines, compressor bygass 1 1 14 18
lines, and reciprocating machine bypass lines fail opgrn——F— 51 > 8
2 36 48

Reactors are protectedunder controlled conditions,
and usually the feed control valve fails closg¢d. 2 | 54 72
Generally, a designer of flow systems should conguit

3 75 110
process, instrumentation and equipment enginegrs
T . o 4 124 195
when deciding on fail-safe positions for control
valves so as to assure orderly shutdown procedures 6 270 450
_ o 8 480 750
Capacity Coefficients of Valves
. . 10 750 1,160
Valve flow coefficientC, depends on the interna
dimensions of the valve andthe smoothness of 12 1,080 1,620
surfaces. Tests made by manufacturers (using watef or 1 4 1,470 2,000
air at predetermined pressure difference) establigh 13 T 930 =560
values. Manufacturers give the following definition : ’ ‘
C:Q(\/§/\/DP) *These values have been obtained
v 10, 68C0ri es ( ei-ptehrecrenecaupadlr ) Wl ug
val ves haebpgciftuy I tri m, but al so
similar valves of other manufactur

G, is a capacity index indicating the flow of 60°F
water in gpm, which will pass through the
completely open valveunder a pressure difference Critical Flow Factof,CThe pressure gradient
of 1 psi between the inlet and outlet flangesacross a control valve isshown in Fig. 5.For
Obviously, if S =landgP =1 psi, thenC,= Q. liquids, the flow can be considered subcritical if
the vapor pressure of the liquid will not get
Capacity indexes for the butterfly valve are also higher than the lowest pressure point across the
given at two throttling positions of the flap, in control valve.(Vapor pressure is the pressure at
addition to the fully open position. which the liquid begins to vaporize at its flowing
temperature. Tables  of thermodynamic
Control-valve coefficients for single- and double-properties of liq uids give corresponding
seated valvesare given in Table I. saturated-liquid pressures and temperatures.)

Calculated Flow Coeffici€ht- When sizing controllf the vapor pressure falls between the ranges of
valves, a flow coefficientis calculated with normaf and 8 (see Fig.5)vaporization or cavitation
design flowrate in gpm from: will occur in the control valve.

Cy /C, =051008 If the vapor pressure nears the downstream

pressure, B cavitation can be suspected.
This is an optimum range for linear and percentag@avitation can cause rapid wear of valve plug and
contoured plugs. Somevalves have a wider optimurseat as well as vibration and noise.If the vapor
range. All valves will operate below and above thesessure falls between upstream and downstream
GJC, ratios, but the plug will be closer to the fullgressures, Pand B, vaporization can occur. In
open or fully closedposition. Under these conditionghis case, there will betwo phase flow in the
we lose the important advantage of having wigipeline after the control valve. If the vapor
flexibility in controllable flow-capacity range, and thigssure is higherthan the inlet pressure,,Pthe
may limit operability of the process. control valve receives two-phase flow; and



PAGE 16

additional vaporization can be considered across @re example of subcritical flow is that occurring in

valve. For this condition, diameter of

the control valve located in the discharge line from a

downstream pipe will usually be larger than thentrifugal pump. Critical flow can occur across a

upstream pipe.

t

L7\

P o P
Z4 r\_/] Z,
L 2= 2> l

Pressure gradient
across control valve

f

AP

P 1

|
|
f
P, |
|
I
|

Maximum, Py |
| Subcooled Liquid

P |
} |
Range A |
Range B
1 Critical Flow

Vaporization : pyin Range A
Cavitation Pvin Range B

Pressures during liquid flow in a control valve
oFig.5

The criteria for subcritical and critical flows
liquids are,respectively:

4P < Cp(4B) "
4P Z Cn(AR)
! )
DP. =P - (0.96- 0.28,/P /P.)P
Where: ° ° ( /FOR (3

And R, is the critical pressure, psia.

DP, =P, -

P
For simplicity: “" provided that

B, < 0.5R,

The sizing formula for critical flow is :

C,. =(Q/C,)(SI,DP,) @

We will use a simplified versionof Eq. (4) later in
this article.

pressure reducing valve where the upstream liquid
condition is close to the boilingoint.

For gases, critical flow is assumed when gas velocity
reaches the soniovelocity:

u,=68/k(P'/r),ft/s 5)

Sonic velocity should be avoided because it can
cause noiseand vibration.

The criteria for subcritical and critical
gases are, respectively:

flows in

Si ng3eaft DoubS$ealt
EEUb Equdl
. | V- - V-
Condi t metoel?r?tr,I“SOrtPerc@ort
) nt age
e g
Critical CGFI|ow. 9B0. 9/80. 9p0. 9|8
Line size or.
contro 0. 856
val ve
Critical CGEFl|loww. 8/50. 9(40. 8p0. 9|4
(Contrjol
val ve
nbet ween
pipe
reducefs)
Sub CrlitRc4ql
fl ow, D{dR -0. 9-6
=1,5 | |-
Sub crli ticéeid
flow, D/ d =-0 . 9-4
2 ____________
(Contr ol
val ve
bet ween
pi pe
reducef s)
AP < 0.5C=B
! (6)
AP = 0.5CHP
= ¢ Rl
(7)

Critical flow can be avoided by reducing the
pressure drop across the valve, by relocatirthe
valve in the flow system, or by choosing valve
with a highG value.

The critical flow factor,G is a dimensionless
number, whichdepends onthe valve type[6].
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G, is the ratio between the control-valveCritical Flowlf the valve and piping arthe same
coefficient under critical conditions andthe flow size, the simplified calculated contnallve
coefficient as published in rnanufacturers'coefficient becomes:

literature.

Value Between Pipe Reducdflow capacity of anc - (Q/Cf)(\/g/\/ﬂ' R,

control valve placed between pipe reducers is
slightly decreased. In subcritical flow, this dgrrection Factor for Control 5 Valve flow
accounted for by a correction factor,R.In critical coefficient Table Il

flow, the correction factor isG,," which replaces

Q, in the CaICU|atI0nSR and Qr aISO depend on the GaS, steam and Vapor Service

ratio between pipe size andvalve size.G,G, and The calculated contreValve coefficient for
R have valuesmaller than |. Numericaf values fogpcritical flow will be :

the valves shown in Fid.are listed in Tablell.

(12)

Let us now summarize a number of formulas for C,.= w
sizing control valves for liquid and gas services 11.65/DP(R, +PR,)r,
under different flow conditions [ 1]. (13)

Liquid Service DP=R-P, _

Subcritical FlowFor a liquid flowing well below it¥vVhere » provided thatoP<0.5
saturation temperature inthe turbulent zone, with ¢ *p

viscosity close to that of water, and sizes of the pipe

and control valve identical, the calculated control- C.2p
valve coefficient s : For critical flow whergg 0.5 '
C,. =QJS/JDP @ C - W

" 1013C,Ryr,

Where the specific grafity, s, and flowrate Q gpm, (14)

are taken at the flowing temperature ; aod® = R- ) .
P g P o = & If the valve is located between pipe reducers,

multiply the righthand side of Eq.(8), (11) and (13)

For minimum pressure drop at the fully open pi@y (/R); and eq. (9) and (10) by b Replace
position,C, replacesC,; c, C,

with in Eq. (12) and (14).

These correction can be neglected if the capacity of

— 2 H
DRy = (Q/C,)°S, psi ) the selected control val;ve at normal flow gives a

vC Vv

If we are initerested in trhe pressure drop at gPefficient ratio, , well within 0.5 to 0.8.

selected plug position betweeR/C, = 0.5 to 0.8, a1 N€ operating position of the valve plug will perhaps
convenient expression is : not be identical to the calculated position, but this

will not change valve or pipe size. Also, in sizing
valves for critical flow, make sure that the plug will

R 2
_e Q 2 S psi not operate close to its seat.
B eg(C /C,)C g = Psi Two 0 Phase Flow
vC \

(10) For wellmixed liquid and inert gas in turbulent flow
with no additional vaporization, the following
WhereC i s taken from theappi@mufactureeds catalog
and CJ/C, is the selected plug position. (The
methods of Eqg. (9) and (10) can also be adapted to W

vapor flow.) C =
44.8,/DP(r + 1,

The calculated flow coefficient for laminar or 15)

viscous flow is :
where} , and , are the upstream and downstream

two phase densities, respectively.

C.. =0.072/ M/ DP)* When saturated liquid enters the valve (i.B.= P),
(11) or saturated liquid and its saturated vapor flow
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concurrently (i.e.R,> P), additional vaporization ofontrol Valve no.18 As liquid ammonia flows from

the liquid can be assumed inside the control valygsce| B2 to D-1. its heat content increases. and

For this condition: liquid in the pipeline after the control valve is
subcooled. (Pipelines before and after the control

=W valve can be sized for liquid flow).
63.3,/DPr, _
(16) Due to the large pressure difference between
vessels E2 and D1, cavitation is possible in the
DP = 0.5C. %P control valve. Hence, we can consider the liquid to
Where the maximum TNt (For be in critical flow, and estimate the maximum vapor

. L ressure in the valve froR, = 0.5R, or :
calculating the densities in twghase flow, see Palrt) R !

1 of this seriesChem.Eng.,Dec.23, 1974,p6H0 ]
P, =0.5(225+14.6) =1198psia
Example lllustrated Computations
Let us size the control valves for handling a flowwt will assume that a single set valve having a
113,000 Ib/h (348 gpm) of liquid ammonia in ea@’gf =0.98

of.. (see Table Il) will prove adequate by
substituting the appropriate values into Eq.(12) to
find:
Vessel, D-2
-O°F C,. = (348/0.98)(+/0.566/,/2396 - 1198) = 24.4
225 psig
/7F'°w S From table I, we establish that air2 singleseat V
= "a ; port control valve having a flow coefficient of 36
—=— may be adequate. We then check the ratio
e C,./C, =244/36=0.68

, which falls well within

T the desired range of 0.5 to 0.8.

e The 2in lines (before and after the control valve)
Vessel, D-1 are relatively short, and when handling 348 gpm will
—=- have a small pressure loss. Consequently, pipe
i - esistance will have practically no effect on size of
Control valve no.2 the control valve.
Control Valve No-2As liquid ammoniaflows from
-28°F vessels ER to d-3, its heat content decreasses. Heat
02 petg is released in the liquid, and as the liquid flows
Vessel, D-2 across the valve, vaporization will occur. The actual
pressure drop, as determined from

_ 2
Flow relations for sizing control valves 0 Fig.8 bP =05C,"R or:

Two lines for the system sketched in Fig.6. THeP = 0.5(0.98)*(2397) =115psia

three vessels are. The three vessels are located side _ )
by side (i.e., all are at the same elevatioﬁhysicals,ubsmu“ng the appropriate values into Eq. (16)

property data for liquid ammonia ar&, = 0.615,E yields:

= 0.92, andM =17. Therefore,S=0.615 X 0.92 = ¢ - 113000 =28,

0.566. Pressure and temperature in each vessel, and 633,/11535.2)

corresponding thermodynamic properties, are

Vessol D1 D2 D3 | We may choose a 2%in singleseated control valve

N - - C
Temperaturp, 1AH o 28 |whose " is 54 (Table I). The coefficient ratio will

Pressure, psly 225 0. 2 | be 28.0/54 = 0.52, which is acceptable. (Note: a low
Heat cont ehpt4,1.Bt B/3l.02 12. 8
C,./C

Latent heafs56btj6hs7B.p 589.]3 ¥ value was aimed for in this control valve
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C compared with the fully open (90°) position, and

because ' was calculated with liquid density. It 3% at 60° setting.

not unreasonable to use a twphase downstream

density taken at the outlet of the control valvé\t centrifugal pumps, pipe resistance in the

Flashing and vapor density are then calculated @iggharge line (including that of any equipment in
this stream) is usually known. An additional 25 to

the critical downflow pressure. A much higher*® 50% of the discharge pipe resistance can be added
for the control valve. With two control valves in

will result, and a high v can be accepted.?eries’ there is double the amount of additional

Because of the subzero temperatures, an extendiriStance can be added for the control valve. With

bonnet can be specified as an eccessory to 'iYYQ control valves in series, there is double the

control valve (see Fig.2) amount of additional resistance. For a control valve

In flowing from vessel 2 to D-3, the "quidinstalled_ in long discharge line or in a system with

releases 33.3 12.8 = 20.4 Btu/lb of liquid, or a totd}igh resistance and relatively small flow changes, the
of 20.4 (113,000) = 2.3 X $@Btu. The amount ofPressure drop across the valve can be 15 to 25% of
vapor flashed with this heat is 2,300,000/582.50L2l system resistance.

3,950 Ib/h. This leaves 113,083,950 = 109,050 Ib/

h liquid. These quantities can be used for calculj‘l}g\%?mml valve (except butterfly) can only regulate

the two-phase flow resistance of downstream pipd @ Py aborsing and giving up pressure drop to the
system. Economy in operation of control valves

Operating Conditions di ctates | ower pr essure
Control valves are ussually the same size or one §28acity and range of control decrease rapidly with
smaller than the upstream pipe size, never larg@{Ver available pressure differentials.

Control valves are much smaller than line size when o w
high pressure differentials have to be absorted.

vC

dr o

coef fi ciOpretr afterd Haamdtt |l ing
-Tabl e

Control valves can accommodate a wide range « 8%
capacities and pressure differentials. Flowrates a %
process conditions are usually well determined fo gl
piping and components sizing. When sizing controi

valves, verify alternative capacities, periodici -
changing capacities and the related press Broaza(ézg;i:ﬁtlves {Threaded)
differentials. Control over an extremely wid 7l " | Flow Coefficient,
capacity range might require two control valves | Size For Valves Cy
parallel, one for the high flowrates, the other forth | I | No.546P-150 Psi For Valves
low ones. In borderline cases, or for a futur :g‘ g?gg:ggg g:: :g' g?g:ggg g::
increase in capacity, a larger valve body w [ ~— 0.9 )
reduced trim might be desirable. A 2 2.2
. . . %a 5 8.6
In most instances, pressure differentials are part 3 10 14.5
the entire resistance of the piping system. Where =7 24 205
overall pressure differential is determined (fc [—3 a1 29
example, between two process vessels), -omied
of the overall pressure drop can be attributed t Steel Globe Valves (Flanged)
the control valve , and twahirds to friction loses in ) Flow Coefficient,
piping and equipment. At high pressure differenti Size Flow C%erﬁuent, For \?;Ives
most of the pressure drop will be absorted by th| | For Valve No. 1042-300 Psi
control valve. When pressure differentials must | No. 1040-150 Psi | No.1046-600 Psi
minimized, the control valve should be line si: 2 46 55
such as in steam feedlines to turbines. 2% 72 90
3 105 130
Butterfly valves operate with very little pressure 4 200 235
drop (decimals of 1 psi). They are usually suitable | 6 400 400
comressord discharge lines and coolimeater 8 720 720

supply lines. However, under throttling conditions,
the butterfly val

considerably. The coefficient is 50% at 72°position

v e 0 Blotec Blavfcdeffiarentsehave begreobtainred s e s

for valves manufactured
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