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ABSTRACT

In this thesis, we represent principle of designing, assembling and controlling pressure and
flow rate control process. For designing and assembling process, mechanical and electrical
devices are installed and assembled to be overall system. The system, consisted of 2 parts, is
pressure control and flow rate control.  The pressure control partis consisted of storage tank,
pump with inverter, and pressure tank  with pressure transmitter. The flow rate control part is
consisted of flow transmitter and control valve with positioner. For controlling the process,
consisted of 2 parts, is pressure control in pressure tank and flow rate control. PLC as controller is
used to control pressure in tank and computer as controller is used to control flow rate. Analog to
digital circuit as input signal and digital to analog circuit as output signal, PCI-6238 and
PCI-6014 selected operating in both voltage and current mode, is interfaced to computer.
LabWindows/CVI is install in computer to input and output signal together with processing
control algorithm for controlling flow rate. At here, adaptive PID controller is applied by

adjustable parameter.
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2.1.2 ¥Haveamsina
\ v A 4 2 2
M35 Wavewedva awsoutieeon 1dilu 4 wuw fe wnuiivdds Sunis Inalunia
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U T LAZTIUUA (one two and three dimensional flows) UUUNTDY Wums mauvuviia
1 . . { [~ ~ v U
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. {3 Y 1 [ .
(Laminar and Turbulentflows) wazuuung wuns ulﬂﬁltﬂﬂﬂﬂnlunlﬁluazﬂﬂblﬁ} (Incompressible-
and Compressible flows)
{ 2 [~ { o
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Y 3 2 Aan 3
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¥iiaveens Ina A lauaasgluuumslva Son1 wusdluad (Reynolds number, Re) Tag
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ANUNIIAVIUBAVAINT 1A

H=Vp (2.2)
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DV
Re=— 2.3)
v
A
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D = wurugudnanavie
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V = anuSundsvesvounad

A = anunilaupiusunad

P = anuMUIMUUYDIUDUNAT

o .
V = anunilaaumansuosunarian
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2.1.3 auMsuuiyed (Bernoull)

S aAN Y2 o = 1o A2 2 a - A
aumsuusyadh ladny1 Jumsinu Taslusdsdusafoamu minand 2.1 dle

[ v d‘d LY A A 13' T 1 A 9 9
yoslna Tnardurienssiiinndavreimuivediaeiios muuuins lvadlsyy © do
9

[~ ' o [ 1} 4
ANTULIIDINAUUTUD DU X YHIUNVUNUUDIND LL‘UiHﬁallﬁuﬁui’)ﬁiJﬂ'lilLﬁﬂQﬂ'l'i]lﬁﬁ

v b
Y9UD9 IMaNLANUNUILUUAIAINUUUINT Tvia fail

P u> P up
L tgZ +-2="tig7 +-L (2.4)
p p 2
S @ 4 = ' = 2 d
fmsurunsuusyad lunisedied 3uilu
P gZ u, B  gZ u
_E__i_&_i__g_:_b._i_&_i_—b (25)

P 8 28 p g 2g

Pa Py - ayuauigeauazb

P = amunuiuy
g _ v A& Iy '
= anusuioanaussTduaas
E. = @mlszneumailudiumunguesiiafiu

U U g A o w
a ™ = ATULIINGA a Llae b MUY
a S A o w
Z" Zb = JTAUANUGIUIINA a ling b fIu[IAY

B P - ' S oA et =
FAUNITIN 2.4 LATTUNITN 2.5 1T ﬁllmi‘llfNLLUiHﬂﬂLuﬂquulliﬂlﬁﬂﬂﬂ1u

2.1.4 manfasuvinaveaneiuniula
& o3 v @ A A ]
#9912921TUN5AAVUIAVDINDNUN (Sudden Contraction) HALNTRVVUIAYDING

AU (Sudden Expansion) AN INA 2.1
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Sudden contraction
. .
0.8} B
) d e R
T
.51 {
| Sudden expansion
gaF
V Y .
025 B E
r,
"—’ﬂ, , . ! Vena contracta, )
0% 0.2 na | o8 e 1.0

4' = tﬂ' = t:’ T v A w
/N 21 MygadeNnannmsasuulasvinavessuuuiuiiniula
o !
2.1.5 manfasuvinaveasne
P D { 1 A ¥ . v
FeomaziuItMsnezaoe  INNVUIAVBING (Gradual expansion) LATMIADY 9] AR
' . ° @ 3 a ' -
YUIAYDINO (Gradual contraction) §1115UMIABY ) NVUIAVEMD  Fea1 K 1 ldnns

AW 2.2 @IUNITADY 9] AAVUIAVDIND A1 K 9211 101nA1319 TunInd 2.3 uag 7w 2.4

K 13-

Fully dgveloped inlet flow

0.8 Thin inlet boundary layer
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1 1 " 1 1 ] t 1 1 1 1 1 i i | A
20° 40° 60°  80° 100°  120° 140°° 160°  180°

4' = d‘ = 1 d‘ 1
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2.1.6 M3gyFHeInInmMslAevssne

Secondary

. ! flow pattern

~—D = constant
(Note: Resistance due to bend length must be added.)

AN 2.3 MIAIUIUAT K 910015 13999999118 R/D

qut

0.081 N 1 |\1‘x---*/

NN 2.4 (F10) MIAUIUM K 219715 14998989990

d
2.1.7 YonvUBITioNAZ A
v 9 a o [y d A oy ¢ A e 1
A1 K 3z 1dninemsiedl 2.1 waz 2.2 dwmsunartdawuge uazndndavedau
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AN 2.2 LAANAT K 9930994023197

Nominal Screwed Flanged
Diameter, in I 2 4 1 2 4 8 20
2
Valves (fully open):
Globe 14 82 6.9 5.7 13 8.5 6.0 5.8 5.5
Gate 030 | 024 |0.16 |0.11 |0.80 {035 |0.16 |0.07 |0.03
Swing check 5.1 2.9 2.1 2.0 2.0 2.0 2.0 2.0 2.0
Angle 9.0 4.7 2.0 1.0 4.5 2.4 2.0 2.0 2.0
Elbows
45° long radius 039 |032 |0.30 |0.29
o 021 |020 [0.19 }0.16 |0.14
90 regular
o . 2.0 1.5 095 |0.64 |050 [039 |030 |026 |0.21
90" long radius
180° regular 1.0 072 | 041 (023 [0.40 |0.30 [0.19 |0.15 |0.10
o . 2.0 1.5 095 [0.64 |[041 (035 [030 |0.25 |0.20
180" long radius
040 |030 (021 {0.15 }0.10
Tees:
Line flow
090 (090 |[090 (090 |(024 |0.19 |[0.14 |0.10 |0.07
Branch flow
2.4 1.8 1.4 1.1 1.0 0.80 |0.64 |0.58 |041
M9 2.3 ueraeat K dmSundafidlauednunziauge
Ratio
Condition Koy
Gate value Globe valve
Open 1.0 1.0
Closed, 25% 3.0-5.0 1.5-2.0
50% 12-22 2.0-3.0
75% 70 - 120 6.0—-8.0
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Energy gradient ¥30 Total head line #3814 Bunsmiieaanasue Head avun
R Velocity head (Vz)/2g , Pressure head (P)/y 118 Elevation head (Z) h uﬂ‘i’lﬂﬁyﬂﬂﬁéuﬁ’uﬁ
vesiufvenh Felduanalunmit 2.5 theeen andasdoun iesnnmagayivsoauns
Msgaydenan

Hydraulic gradient 130 Piezometric head line M3N8d4 Lﬁ’uﬂiiﬂﬁllﬁmwﬁﬂmjmﬁi
Pressure head (P)/ ¥ 118¢ Elevation head (Z) ﬁlﬂli:ul’s%} U Hydraulic gradient 140 Energy gradient

ANNUATIN Velocity head

i h;, from entrance

S~ h¢ due to friction in conduit 1

S h,, from sudden contraction
~

Energy gradien? .
Reservoir 7\ h¢ due to friction in conduit 2

H; ydr,

~

Ulje

Conduit 1

Conduit 2

3 [ (4 s a
ﬂ]“ﬁ 25 Wﬁ\N’]'Ll!.ﬂﬂaﬂuﬁllﬁglﬂilﬂﬂumgﬂiﬂﬁﬂ

dos o
2.2 ginsalindnsimslna
Tulaseemil  i510zldginseliams Ivauvvaunansivan (Electromagnetic Flow-

Meters) (Munzdmsudanis Ivavesvourar  nlanmdudini Wi uasSUsuans va

3
~

3 A o d a ' ¥ Jd
wui - MsiauvesgUnsalyiailazeguungiugiuveans uad (Faraday’s Law)

¥
P~ i =4

§ o A a @ ' [ v o
Tagldmsmilonhifadusnaunasiman luih NANAINaMITUANNTUNRYS

T g A A ] = '3 Y] ;’f ] [~
seramsidouivesveurad  f ivasulunamenaenindud Ifwasauueivan

¥y ¥

¥ ] b4 14
(Magnetic Field) v 1#ifiaus i T (emd) FuivSnada Idfhvisaesmunglovn il

1 Faaasdnya Insead1ang

anuih i vesveanarzdosiiar livdesni 10°Q'm
¢ a dy A aq Y 1
momwyesgUnsalyiiatilunini 2.6 uaz 2.7 1ingilnasan vesnad Tnanuezgnanely
o T a 3 [y 1 3 Aa Yy 9 : ¥ T < P P
AursimedmIniUaiman NUANUYNTHYDUF UL TWUMEN (B) AsN Tuamizh

s & 4 H y o d
¥ I wisaesazgnasadi linelunase Tastmedumilsvesid Iz dudaivounan

b

' ' a y & Y A Y g o g
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@ A a - @ o P PR o @ o
usaau IihnRanms lnavesvoamanidludnit vt Fwewnandanwidugii
» v ¥
Tl 92 lvamelunasaniidnyaeilunuiu (Insulated Tube) Tufamefdaninsuda W
v ’ Y
Feanus unae (v) Muguuutimanuazi fifausweuldth @) vu  Tasaunsouaas

ANUFURUTN 1A Faaun1sh (2.6)
e = Bdvx107® (2.6)

We e Ao uswwuldhimannmsmileni (v)
A 9 3 1 =3
B Ao AU vaudusWNMan (Tesla,T)
¥ ¥
d A9 szezviaser et Indhieaes (m)

3 A
v A9 ANUSANASVDIVDUNAT (m/s)

Balancing voltage Signat interconnection
interconnection S termingl block
terminal- block

Calibration

. ;
Insulating components

pipe liner

700 1}
_‘,\\\\\\\* I

: "J" !{fr.«»\‘

‘‘‘‘‘

Magnet: coils .

Lominated .Meter e}edrode

section . iron core
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4 o ° Y v 3
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Tasmslduaimanarisnse lufnszuaase (DC Current) uag I nszuaady (AC Currrent)
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Y
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s A = v & Ay o v A Y a g
eatou luRewiniufazdeshiisdeluvazldnufsvsurarnzdeslva lurlSunaudusie
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Yourad ldnsdesfiame  Sansdanuedmsumsiaveavanildnuusiilu msdansou
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uazveunaInlasuIuasslziuindie Taglumildfedlygmsudginselusgilnsaivila
d’, = ¥ s T A w k7 L) a I Aa o4 & A @ @
Hazismaeutwmws Ingmwizedsgsiums ldnudmsureniivuiadndelidnyuzae

NN 2.8

4 ' S v & A
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2.3 gunsaliannudy

dA o Yo YR

I< YA o @ % A @
Augnsaimhanlaweimsdanvesnszsuums welsuideanmussdyarn
k4

Y P @ 1 @ [~ ~
TaelidagussmeaivensiSunainiugu (Control)  TWnszuamstiudsuilnllawidesms
. g A YA ey s v Y P FY o o
(Set Point) lumsiauazmsaiugu  malddinaauianiuidesnsiisulsiinesdesidu

@ Y Y Cs! T A [ L]
desmsdamoonin Taggilnsaliannududiuginseifiulasmdunlsiduanudulfieg

=

o § Y A ¢ 3 b Y
sildgapaszuumassuidiunssuanioussdu  Feluidladauillddnuelnsain14a

o/ 1 Q 4 ¥ Q é
ANUAU 0-60 psi 1Woglugildugauvenszua 420 mA Weodlusdgapannasgu 14

g

k4 y
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3
ANYIMANNTAEY) YBILTIAUNNENHULAIT AU A TINTTIARHUN
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v ’
@ A o A& 1

¥ [~ v A a
A fp Nunnthaangnusanse intsnasgudu msuuas anudunfannveunad

Y

(Liquid Pressure)

P=pgh (2.8)

Ao Amudu (Nm2) el Static Head
P f9 ANURUILUYBIVDUNEAD (kg/m3)
h A9 AUGIVOUOUNAI (m)
g Ao usalifuoreveelan (m/is2)
A5V Dynamic Head (Velocity Pressure) Su‘ﬂzgﬂmﬂuﬂjﬂﬂﬁllmiﬁlm Bernoulli 1@

T 9 tﬁ’ @ @
nan B3 luEeansdadasims lva

]
I3

@ ~ o3 4 &
ANUAUUIY Static Mnvounad Wugluuufenudiumniigaluszuuniosiioda

NNYATINNTTU

Velocity Pressure = Total Pressure — Static Pressure

ANUTUTAAINTY (Gas Pressure) e17150 lAaun15 (2.9)

Imny
= (2.9
3

|
e

P A9 AMINAY (N/m2)

n fie $1uuluenavoaRie (Number/m3)

& 2 P &4 4 o
v fie aAnuiumdevosmaniouives luanaigs (m/s)
m Ao w0 Twanavesny (kg

N3IAANUAUVDIDINIADA (Compressed Air)
U52ANUDIANUAY ( Types of Pressure ) 3 4 Uszinn Ao

- AUAULND (Gauge Pressure)

@ Y g A
ANUAUTNY T (Absolute pressure)

ANUAULANA (Differential Pressure)

ANNZFYYINA (Vacuum Pressure)



14

A qu R - 3 o a A Y
weldmsiSensedlunuumna asSenilundnguAniumsizfeanuvuigld
3 -1 & 3 & ° a = '
winnhimsBondumming  Fimsudadiulneunseiahldfagadeanumune g wu
. N .
o ¥ 1 o a . . ' [~
#1791 Superheated steam VMAUUUaT loas Se'lorhbewdn e Yield point uaU1ALADI
' o A g 1o g 9 s 2 S o q yude 1y -
wad gadn  Feduuaihiidennurnenady  sawishlddndne lidanunined
a o A { ¢ 2 1 &
w5 lidae Aenwd 2.9 wag nwi 2.10 vindlszaumsalvesdlowdiun  msudariu
m vA -4 @ g 2 Ty voA @ d a 3 Qy
Tilddenumueldme duinde lidewansnnuinehtznoneumladmimaiinlag fadu
o 1 . 1 A A < [
aouafi1d1 Software n50 Windows  vzuilanes lshdennumine lddeulaldannadulas

'Sld'
Tai3i509
K1)

Absolute

Differential

II

Atmospheric

-~ pressure

Zerg
pressure

4' = s
MAN 2.9 FUAVDIANUAY

System
pressure

Locz)
reference

Starddrd
almospheric
préssuie

101.325 kPa abs:
14,695 pna
760 min Hg abs.
29.92 in‘Hg abs,

Perfact I i

vacyum

NN 2.10 FiaveIRNUAY

o L] [
1] fgﬂﬂﬂﬂﬂﬂﬂiimmﬁﬁ?ﬂ Standard Atmospheric Pressure 3¢ WUUYUUDIVDINITIA

dy { 4 ' ar ’ J A a
Pressure Gauge 9Ffinugud nunoanuh anudunaliaudlusud o Aussemeadnd
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S P 1 £ J v oW o ’
Perfect Vacuum H30i36N8N0Y19MTI9491 Zero Absolute QagudaNuauduysal) e
1 S @ P
Pabs =0 ﬁ?@@g"luﬁmazqmumﬂmﬁﬁnyjmuum Pabs = Patm +Pg %1 Pabs =0 Pg=-Patm

£ T
NU18AIU Pressure gauge 32FA1N -101325 kPa Tagilszunm

2.3.1 ANUAUND (Gauge Pressure)
3| i Aq 9 ISP o @
Wumnlaluaugaannssy  Tao Gauge Pressure fisufuguéianuduusseme

[ o

@ Yy A ¥ o g ¥ A o o @ LR ] . I~ 9
yanyain 14 Ao Pg niseian1dezlidadnys g Miiueg 19y Barg, Psig iIudu

d
2.4 MANIVRU (Control valve)
3 s & . A 9 A o do o A
Control Value t11g1nsaivila1u Final Element lneTinihnindniidifgfe msaiugu
8031015 Inavesveelva (fluid flow control ) ¥11ANA1I1UATYI Control System Aa nTh#
1un1515U1tA9 Manipulated Variable 1® 1% 1471714 Set Point 1Agin1503599801 Instrument
NnosA3193UAIRWILTHT® Measured Variable (Controlled Variable) ¥38M1 PV td9n1sela

[

Feueureu 1189 Controller tionlSsufaumAU Set Point (SP) MNBIAAT Offset , Error (SP-PV)

[ 7]

b

=y U o/

[~1 o @ o @ [ v v
NATUBE @2 Controller N9 TIN5 11§39 Control Value 1931101515 VLAS Process aoldaun

3
Y1 A

A Py ° 8 £
wldafidesnswse Eror =0 Wumsduga  vuumsiinuaeuInsandalaesialudy
J. { 1 4y
gUn3siind 11 lud Iy Final control Element 1onuauas ImavesvesIna (Fluids) Tuszuu
é ! :’ :’ . . é ¥ @
1Aun o111 (Steam) 111 (Water) f1% (Gas) 14a Chemical Solution 3 145udeyamunugy
) o v v 4 @ s
W lamdaluld mansoualssanvesndmuguaudnyuzmsidatadl 2 Uszan
A
fo
. ¢ Ao ~y s 4 A P [y ]
Linear-Shaft Valve a2iflundivhimsda-da  vesndundounluuuudunss wu
Globe valve
[~ ¢ Ao o =y 4 A > % [}
Rotary-Shaft Valve 3ztilundinimsidla-la weenaunaouiaundusonas 1y
Butterfly valve , Eccentric rotating , Ball valve, Diaphragm valve
i 4
%91 Body ¥942189A7UAN
a X = é ] a o
Valve body 1114 1uszuvatnguilvaienny Swaazuuy wlidnyazmmemunny
1 4

MU TUYRINITINU Laszadie uuuhdonlFauiuasi

- Globe Valve

- Butterfly Valve

- Eccentric Rotating Valve

Ball Valve

- Diaphragm Valve
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A - A A o 2
#a1uTn599u515192 1% Globe Valve #931518521080091]

d
2.4.1 ManianNay (Globe Valve)
:l’ o I'4 4 aa @ A A A o~
Gluﬂ']iﬂ'J‘lJﬂiJﬂ'i‘é’JJ'Juﬂ'liu‘LlL‘]J‘L!LL‘]J‘]J'J'I'Ja'ﬂiﬂﬂallL‘]JuVquJiJﬂuiJ']ﬂQ'ﬂVI’sIﬂ HIUYURA
v ¥
) Q o Q = Q A @ A % T
UDAZYUIAAN ) DU mﬁ'ﬂmﬁmqm5”lwauummgmu Flow-to-Close Glfﬂlliﬂﬂuﬂ'lill‘ﬂa‘ﬂz‘]ﬂﬂ
o

4 Y ¥ T s Y v v Ay s Y
AUNUNA2 191112187 1A Flow-to-Open 1159aumM3 Ivave lusedundiundalviose

1 v S & d” % Aa P v b4 -
UNITINUINRD %QLLUUH%SLﬂNﬂHﬂNNTﬂVI’Q{ﬂ AIWTDLUUIDDN Port 'lﬂ 2 U1 A9
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2.7 Tlsunsu Lab Windows/CVI
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a 3 o @ Y a 1 4
ﬂﬁfﬂﬂ'ﬁﬂ'}ﬂﬂ.u P uu L@']“VIT!VI“U'E]Qﬂ'Jﬂ'JUﬂﬂJﬂxLL‘lJSWuﬂiﬂﬂﬂﬂ’]ﬂﬁ']ﬂmﬁ@u
o Ay A A v 2 ' s o S A 2 v
ARIAD DINIAIVUATIALAADUUATIVUINUYU ﬂ']L'l’)'ﬁ’l‘V!VI‘U@Qﬂ')ﬂ')ﬂﬂllﬂﬂzilﬂ']il']ﬂ‘ﬂuﬂ'lu IHagan
1 4 A~ @ { 1 ' Y < ~
manuamandouliddosasduandlunmi 223 aweniynvesdnuguiesiiaiooas

~

td
AUNTHINIAIWAULUY P aasoiliouaunis (2.12) 1addl



28

mp(t) = Kpe(t) + m (2.12)
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m, () =K, ]e(t)dt +m,(0) (2.14)
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2.8.2.6 NIINMIAIUYNUVUNA (Proportional-Derivative (PD) )
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Connecting Analog Input Signals

The following sections discuss the use of single-ended and differential
measurements and make recommendations for measuring both floating
and ground-referenced signal sources.

Figure 4-3 summuarizes the recommended input configuration for both
types of signal sources.
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Connecting Analog Output Signals

+ NI&014 only

The AQ signals are DACOOUT, DAC1OUT, and AQGND. DACDROUT and
DACIOUT are not available on the N16013.

DAC)OUT is the valtage output signal for AD channel 0. DACIQUT is the
valtage output signal for AD channel 1.

AQGND is the ground-referenced signal for both AC channels and the
external reference signal.

Figure 4-8 shows how to connect AD signals to the NI 6013/6D14,
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4.1 Method of calibration

Use the following program and the appropriate wiring configuration to calibrate input channel 1 {and
indirectly channel 2] of the FX0on-3A.
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2-wire system (DIN 43 850 plug)
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