BB u,-‘“-‘:"“ (sdiga AlA
www.icheh.com

B2 3 ) 2
M A prudiga




www.icheh.com

L4

S g

Andin O sie
lenins has 1 g) Juad

D e ——— dalaa
B e b J S
L1 oot b s 8 o il s
16 e, S A sl )l
19 e, Ciaglia ¢ 51 ) ol
20 e i Cylaa & g5 5l el
7 X S &y slealing
7 i b dans (5,8 o 31l ol
2 et chu sleagis s gl s
28 s & goa (3 gle rlan (slgandd u
<0 SR D3 S e (5 s 1l sla i )
30 e Ay Jls IS
AL oo, oald lad y s
lenin L3810 93 Jucd

AT oot D8 Cay g
A e Jo py L
31 TR Ry e jLis
Dttt et e 5 i L8
GO L sia sile
B5 i la saian Jui) g la in i
B8 ettt e, S A LS glelase
Lenin Leaz o g Jucd

£ T 4adia



www.icheh.com

T et Lad slaplite
4 < T Filled-System s\a yic s« s
B0 ————— S 9 sla yiaga S
B e W JisS ga 58
< 72 shaslia (slas gla Jlu il
ST s alé sla RTD
08, ettt & i g i
100, et A2 LS Hlae b led gla ) gusias

lenin 23 1 aUlgD Juatd
02— 4adaa
L0 lenine 2 ) 5
LO5.cei et s L8 slgnin o0
SR L T e s sleain o
1 O = Slenta (20
12 T Cuie lals sleain
A2t Lot (0 QAT fise Jal 5o
2SR BEIAEN
130 Aoz
130u oo b (o aaly s
131.... ek (mary oSk Alia gad 5 ol y il o) ) ol
135 L 20 JSG
LAA.....ooo e &l



www.icheh.com

Js) Jost



www.icheh.com

Ol (g 5 -
vy SO 60 b b s Gl HLAs s ke

e S

4a DA
U%?A’}CJ““J)""SJ ng.\g o)\.ia\ u.ml.u\ d}m\ UA}LASJJMQ:!\)A

o



www.icheh.com

Gy e Gl granular sbe sasis Ll 93 ¢ b ja e ¢ Gl plad alidg 3l ga

28 o
A JA1 0 Vsara aS o jla asay S Jale S0 6 5K o 3l Jilug 4ea o
¢ )¢ laa ¢ abadi plal lide (So58 sla el )b L a8 e )
JJJAML}}\JJL@_’JMA‘\.SJ)JGADJ\AL\d)ﬁo)\ﬁ\dgbjjjjjjj)mé
0 Can s (o) o e st 9 JES jadan s S 238 e ) E )

*

..Jj.u.:

258 g8 o3l
EPLRP SR IS WES P
o) Adud sla S (1
2231 sl sla Seua (2
skl sl s (3
o o3& mdane J S5 (558 o 31l ) ) 5o sal ) () e 4o ) Aded sl S
A g

) Adad Sa
25 e O Ol 0 e e R o 3l () o) Adnd S g g 50

gl S (1
&) 4aia Sua (2

chu 4S8 sk gles | 2€ e dee e sile (s )S Jgmal (ulad (ol Adnd S
Vo gl Al all 50 5 e rhas “a ) (e Ol 5 YL Dls) 008 S0 e

D) e Oxl s
2 (D)Sd 2l o 92 ) ) 2SS L 5 Sl b ) Adnd Vsana IS
Gl gk 4y dag e (S48 280 (e QLS 1) GBS ) Adnd esee 3 S

il O gy gk A das e s 80 5 L



www.icheh.com

Figure(l). Sight Glasses
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figure (2). Displacer Level Measurement
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figure(3). Tape - Float Gage
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Figure(4). Level measurement (open tank)
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Figure(5). Closed tank level — differential pressure
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figur(6). Air Bubbler System
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figure(7). Diaphragm Box Level Measurement
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figure(8). Capacitor Probe
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figure(9). Resistance Tape Level Measurement
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Figure(10). Conductivity probe
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Figur(12). Block Diagram of a Ultrasonice Measurement System

il b o (5 5K 0 3l L&

U:“% ) sl salati C.ja...u LEJ:S oj\.lj\ L;LAJ\JJ\ =S ) Al c;ir_ﬁu
O R D% A s 4R3I 1) SO Gaum ) 0ab e (LIS e )
oo Sl ppeni A 3a GEAlS oK Culilia Cange el (ol L2193 (e Gl a1 B
PR

sl 025 ¢ Lele 50 lai o) e Sl (sl )3 s (53 S (adidia (51 s Gl )
el oo oaldiil Clagle g dala

YY



www.icheh.com

5 sk ol s Cad G ) LS andl Sa oS aaie Ko ) () At i
(13(8) J55) 25 e saliial Caykas ) 50 800 Crand o adiadii Slulid

alail Calise (sleeldi )l 5o L& 4adl auie 2ia (ala ) B L s s (5,8 5 il
. (13(b) Jsi) a5 (a

Figure(13). Nuclear Level Detection System
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Figure(14). Magneticaliy activated level switch
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Figure(15). Rotating paddle level switches
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Figure(16). Ultrasonic Level Switches
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figure(18). Extended Diaphragm Pressure Repeaters
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figure(20). Bubbler Tube Measurement System
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Figure(21). Steam Drum Level Measurment
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1in. water = 0.0360 psi =0.0737 in . mercury

1 ft. water = 0.4320 ps = 0.8844 in . mercury

1 psi = 27.7417 inches water = 2.0441 in . mercury
1 kg/cm* =14.22 psi = 98.067 kPa

Note : (All fluids a atemperature of 22°¢) .
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Figure (3) . Hydraulic press
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Figure (4) . Relationship between absolute and gage pressure

UJ\‘\SJJ\JDJL;\I}\P‘j\ﬂﬂ)hﬂdﬁb)\ﬁd‘ddh)ﬁﬁ}&?ﬂ)&d%

il AN ) 3 gh e sl Py Jta adaly )l ) L KaLlas adais

oy



www.icheh.com

s ¢ s ol b€ o 31l 1y a8 CaOUA) cJaal ¢ L 5 5€ 0 5l i )
Ll 1280 S5 5 ) ead (al sk (Blhae jiia aa je adali 55 5] ) 0l
o Psaddacal 1) sad oail s dae Cpl 2iad e LI SO il HLEE ) gie 4 )

3 ez ) Bllae 5 e JLEE (bl (4)ISS 2l
Ps 02 P, Slhae JU 4 pgy 03 p o YU diag (6l ealdil ) se Alales

;a,.u\d..,ha”ma\_)

P (6)

S e —— (7)
AL (e Sqbeadl LA p s
S Ol il 058 e (i L8 3 jad Ciely S i) JLAS )3 jaad 258 28 b
et DL (o o 31l ) 3l ) o2 o g JLES ) jpad e ly (S e s Ll )

g (o

(4) Jea
She) Blae i S oy caril i 1) 3 ome JLiS crin jLis Sy ) K1 aliee

AL 1 e s Sy b Las

‘s
D piS (e 021l (B) alalae ) e 212,05
ﬁzjz_l_‘[i"!rn
P=3 @ sl 4
=€l sia
(5) dua

oY



www.icheh.com

Sl JLIE 53 g el a1 g DA an 0 RIS lay | Glhe L Al

RS P = B P

:da
2 e o3l
b S g
2= BsdA €.
P=3Vsia
la_sia gila

oSiiba 3l o L3S (5 58 o Il )3 saldiul 3y se Jilus (nyi gl o ey o W sia sila
Glia 3 DL (o f ol 1o 0 S ol (gl 0308 sk 4y Ll iia
PR 000 ez 1 W e gile 50 S Jseal (B) IS s e salill
Dosd e dae) 1220 12 cha 2005 O 520 0 63 K 2E sl

P o e )l JS L (1alilas) 255 e iy ya ng JSGi 4 )L 4aS el

LGl

()43/?;; ol 4y ol 12, L1 Jsb 4 Gl Gy G aS Cuinas Gl ()

Yo 1 @ D) Osie G 258 e Gl @3B UL S pSe 23S e Jlee

oY



www.icheh.com

Figure (5) . Cubic foot container of water
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Figure (6) . U-Tube manometer
Well (Reservoir) s sagila

g o) YL Gl sad saly Gl (7) S o reservoir b well e il S
a B alsdl 5 asd e dleel Zod (3R 4 2sd oS el Al S (oL

A e Al gl s well b G i) CSGAT Jau g L3 Cad 3l jiasa)

(7)
well Jiesile 2 ) sopmmar (anaie JES L ale ladls 2S oy ;- alis
. .J.&L\ ol dLAQ\ IS JL&é Jg\ ¢ (7) d&m PL s 522 u\.iah

s da
D)l (8) Adalea ) oaldinl by
720D 3 W

£~ = Isis
S EY = DEI =)

22272

ov



www.icheh.com

Figure (7) . Wdll (reservoir) manometer
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Figure (8) . Inclined manometer
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Figure(11) . Bourdon tube
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Figure (12) . Variable inductance pressure sensor
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Vortex
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DP-Orifice
plate
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DP-Venturi tube
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DP-pitot tube
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DP-flow nozzle
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Required
Flowmeter Recommended | Pressure Typical Upstream | Viscosity | Relative

Element Service Loss | Accuracy(%) pipe Effect Cost

diameters

Clean, dirty
- - . 2to 4 of full )
Orifice liquids:some | Medium Seale 10to 30 High L ow
Slurries

Venturai tube Clean, dirty L ow lof full scale| 5to20 High High

AR
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and viscous
liquid: some
durries
Clean and 1to 2 of full
Flow nozzle ) o Medium 10to0 30 High Medium
dirty liquids scale
Ver 3to5of full
Pitot tube Clean liquids y 20to 30 L ow Medium
low scale
Clean, dirty
o Very | 5to 10 of full
Elbow meter liquids. some 30 L ow L ow
) low scale
durries
Clean, dirty
viscous ) 1to5of full _
Target meter . Medium 10to 30 | Medium L ow
liquids, some scale
durries
Positive Clean, viscous _ 0.5 of full ) )
. . High None High Medium
Displacment liquids scale
i Clean, viscous _ . .
Turbine . High 0.25 of rate 5t010 High Medium
liquids
Clean, viscous ) : .
Vortex . Medium 1 of rate 10to20 | Medium | Medium
liquids
_ Clean, dirty .
Electromagnetic . None 0.5 of rate 5 None High
liquids
Dirty, viscous
Ultrasonic(Dopler) | liquidsand None | 5of full scale| 5to30 None High
durries
Ultrasonic(Time | Clean, viscous 1to5of full _
. None 5t030 None High
of travel) liquids scale
Mass (Coriolis) Clean, dirty L ow 0.4 of rate None None High

ARRY
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viscous
liquids.some
durries

Mass (Thermal)

Clean, dirty
viscous
liquids.some
durries

L ow

1 of full scale

None

None

High

VYA
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Yolumetric Flow Rate

W 29 dal g Jaasd

cu meters! hour

galmin
44583

7.481

0.2642
264.2
4403

Kghr
1633
2722

04536
3.600
0.600

1

Imperial Gallons

08327

cu ft/min litarsimin cu meters! min
1 i 199 16949 101.95
0.01ee7 1 28.32 02832 1699
5855 10! 0.03531 1 0.001 0.06
(5885 3531 1000 1 &0
0.00981 5885 16EET 001667 1
0.002228 01337 J.786 0.003785 02271
Gravimetric Flow Rate
Ibisec Ibimin Ibvhr gm/sac gmimin
1 Gl 3600 435 6 27220
0.01667 1 G0 7.560 453 6
00002778 0.01887 1 01260 7560
0.002205 0.1323 7.938 1 G0
3675x109 0.002205 0.1323 0.01667 1
B.125x 10 003675 2.205 02778 1667
Yolume
Gallons (U.5.) Cubic Feat Cubic Inches  Barrels {oil) CGubic Centimeters
1 0.1337 FER 002381 3TRS 3,785
7481 1 1728 01781 28320 28.32
0004320 0000s7aT 1 0.0001031 1639 0.01E839
43 5.615 ardz 1 150000 15804
0.000264 0.0000353 0.06102 620 108 1 0.001
1.201 0. 1806 2774 0. 02860 4546 4546
0.264 00253 G1.03 0.06249 1000 1
Velocity
filsac fiimin cmisec matar/sc
1 ] 3048 02048
0.01667 1 0.5080 0.005080
0.03281 1.0685 1 0,01
3281 196.85 100 1
0.0547 3.281 1 BET 001667

6.229
0.003605
34.97
0.000220
1
0.220

mater/min
18.20
03044
0.600
Gl
1

iilad ) gua 4y Wada (3 (2 aSla Clva guad g (il bl 9
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Flow Measurement

Flow Visualization
Volumetric and Mass Flow Rate
Velocity

Compressible Flow, M=Vfc>0.3

» Density does not remain constant
* Infroduce an expansion factor Y

: : 1 Cyhy e
Hl:ﬂz\'z:‘\: =Y # ' Epl(lj‘ ":]

Y = expansion factor ([rom calibration)
A} = pipe/intet [low area
Ay = onificeleonstriction Mow area

Py and Py = pressureat Ajand A . respectively

Y.
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Compressible Flow, M=V/c>0.3

* Density does not remain constant
* Introduce an expansion factor Y

; ; CyA
i=pyVoAy =Y #’ "}EL'J[HH Py

Y = expansion factor (from calibration)
Ay = pipe/inlet low area
Ay = onficelconsiriction Mow area

Py and Py = pressure at Ajand A, . respectively

10

11

12

YY)
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13 14
15 16
17 18
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19

20

Why Coriolis flow meters?

* Highly Accurate (0.1% to 0.5%Reading)
* Reliable

* Minimal pressure drop

* Easy to use

* Flexible

- Mass flow rate, volume density, viscosity,
temperature

\ﬂeasure |IC|UId5 gases Slurries.

Oistelonigdepeneston (nd gese e

21

22
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Leada (0 sl g JS

Orifice plate:

Venturi Tubes:

YYY
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» "

Flow Nozzle:

Pitot Tubes:

YYO
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Target Meter:

\Y?
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Rotameter:

Scale Float

T Fhaid

Flow

Turbine Meter:

YYY
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Electromagnetic Flowmeter:

Magnetic field

Vortex Meter:

YYA
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Ultrasonic Meter:

painini

Thermal Meter:

y¥Aa
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Fluid temperature

CoriolisMeter:

Positive Displacement Meter:

VY.
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&alia
1-Measurement and Control Basics 2™ Edition, Thomas A.Hughes
2-Instrumentation Reference Book, B.E Noltingk
3-Essentials of process control, William L.luyben, Michael
L.luyben

4-Process control: Designing Processes and control systems
T.Marlin

5-ROFI,Industrial valves

6-Flow of Industrial Fluids - Theory and Equations, Raymond
Mulley
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7-Instrumentation and Control Systems Documentation Fredrick
A.Meer , Clifford A.Meier

8-Maintenance of Instrument & System , 2™ Edition , L.D.
Goettsche

9-Fundamentals of Industrial Control , 2™ Edition , D.A. Coggan
10-The Condensed Handbook of Measurement and Control, 2™
Edition, N.E.Battilcha

11-Fundamentals of Process Control Theory , P.W.Murrill
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