INTRUMENTACION
INDUSTRIAL DE PROCESOS

DIPyGl FACET - UNT

TEMA N° 6
Medicion de Propiedades de Fluidos

Densidad: escalas, distintos tipos de indicadores y transmisores.
Propiedades reoldgicas de fluidos, medicién de viscosidad aparente,
aplicaciones. Medicién de indice de refraccion, de conductividad
térmica de gases y de presion de vapor de mezclas. Sistemas de
control de densidad. Medicion de pH y conductividad especifica.
Especificacion técnica.
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PROPIEDADES FISICAS

DE FLUIDOS

DENSIDAD

CARACTERISTICAS REOLOGICAS
VISCOSIDAD O VISCOSIDAD APARENTE (CONSISTENCIA)

CONDCUTIVIDAD TERMICA DE GASES

INDICE DE REFRACCION

PRESION DE VAPOR

Se trata de una propiedad transportada por el fluido y por lo tanto, la posicion

en la que se efectda la medicion es un factor clave.

Estas propiedades se miden, entre otras cosas, para:
*  Verificacion de la calidad de la materia prima

Para control automatico de equipos

Para control de calidad de producto

Para gestion de inventario

* 4+ + &

otras
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MEDICION DE DENSIDAD — PRESION DIFERENCIAL

Typical for all: Isolation
v Valve, Dirthilter, and
Check Valve

Overflow

—_ [e]
—= 1] 9 (DI
G i H N
o o ¥ i Filter
9] -
d h l
U —_
o]

Span = H (SG max — SG min)
Elevation = H (SG min)

FiG. 6.4c
The measurement of density by using a local d/p indicator in com- FIG. 6.4e
bination with a dual-bubbler system. Density detection in fixed level atmospheric tank.

Range ofTAllowable
Level Variations | —— |

Elevation =
H(SG min)

Wet Leg (SG w)

Span = H (5G max — SG min)
IF SG w < 8G min ; Elevation =H (SG min — SG w)
IF SG w = SG min ; Elevation =0
IF SG w > SG min ; Depression = H (SG w— SG min)

DIAPHRAGM TYPE
FIG. 6.4f HYDROSTATIC LEVEL

Density detection in variable level open or pressurized tanks. TRANSMITTER

Instrumentacion Industrial de Procesos — FACET — UNT Pagina 3



MEDICION DE DENSIDAD - PDT SMAR
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MEDICION DE DENSIDAD — DISPOSITIVOS DE DESPLAZAMIENTO

Torque
Rod

Torque Tube

Torque
Flange

Arm

Torque Torque

Arm Tube
Block

Torgue
Arm ———3I1}

I ‘ Displacer Iy Piezometer
Limit Ring
Stop

];3;: Nozzle / l_l—'
Flapper I_l—

<«—— Displacer

N -ooe- !
FiG. 6.2a _] U_

The buoyant force generated by a suspended displacer can be
detected by a torgue tube.

Seal & Fulcrum

" Force Bar

i
T*‘i Hanger Rod

«—— Displacer

FiG. 6.2d
Diaphragm sealed displacer mounted on top of a floeded tank.
{Courtesy of The Foxboro Company, a Division of Invensys. )

FiG. 6.2¢
Displacer mounted on the side of a tank. (Courtesy of Siemens
Moore Energy and Automation. )
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MEDICION DE DENSIDAD — DENSIMETROS (HIDROMETROS)

_._.___________._..--—P

Graduations
in Any Units
{Minimum Division
is (LO0OOS SpG)

Weights ——8

FiG. 6.3a
Hand hydrometer.

Vent or
Equalizer
Connection

I

Y

Hydrometer

Inlet ——

Overflow

— Qutlet

[ Thermometer

FIG. 6.3¢

In-line hydrometer in rotameter housing.
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6to 15 in.
(150 to 380 mm)

Glass
4 Tee

— Mercury
T Thermometer

Hydrometer &
Screen Inlet
FIG. 6.3b
In-line hyvdrometer indicator.
Vent or
Equalizer
Connection

Indicating
Hydrometer —_|

Transmitter —
Coils

FlG. 6.3d

Temperature
Sensor

Hydrometer transmitter in rotameter housing.

SRR LR AR
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MEDICION DE DENSIDAD - VIBRANTE

P:ZEJ— 6.8(1)

c The oscillating mass of a vibrating densitometer consists
of the following: the mass of the vibrating element M and
the mass of the fluid participating in the oscillation, being
the volume of the participating fluid V times its density p.

() - m=M+pxV 6.8(2)
v time
Replacing m in Equation 6.8(1) with the right side of

deflection

Y M B Equation 6.8(2) and rearranging leads to:
FIG. 6.8a p=—C xp-M 6.8(3)
4n°V \Y

Mass-spring model of a vibrating densitometer.

u-tube
—
VIBRATION
DRIVE &
PICK-UP
>
NODE POINTS U-TUBE — -

FIG. 6.8c ek \ﬁ >
Vibrating U-tube density detector. 2n \m

‘L Resonator ‘/.— O-ring

FiG. 6.8d
Gas densitomerer using the vibrating cylinder concept. (Courtesy of Yokogawa Corp.)
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MEDICION DE DENSIDAD - DE RADIACION

Material Flow

Nonchamber
Detector

Pipe Saddle

VIIIII

Shutter Control
Suurce

A Shielding
Process — 7| . Shutter
Pipe

FIG. 6.6e

The gamma source is housed in a lead-shielded holder. When the
shutter mechanism is opened, a collimated gamma beam passes
through the pipe wall and the process material inside; its intensity
at the detector is interpreted into process density.

Source
Omea s

Detector

Flow
/.._._--"{:
Large Pipe

(Over 6 in. or

150 mm Diam.)

FiG. 6.61

Radiation density sensors.

X-Ray =

W
o

b
e " o © e e . @
. @ o T 5 © e

Source

lpl

\:\_\
”, Small Pipe

'”Ll {Under 6 in. or

150 mm Diam.)
Detector

o o

Source

o

X-Ray Beam @ -

(=]

* o

O .

o

X-Ray
Detector

— Computer
[

a

o o8 b
Cereal Flow Through Hopper

W

Safety
Interlocks

° [+ o

o

Power
Supplies

FiG. 6.6h

X-ray densitometer used on cerveal hopper contents. (Courtesy of Bedford Control Systems Inc.)

|
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MEDICION DE DENSIDAD — CORIOLIS

Flow Tube

FiG. 6.5b

Design of a tvpical Coriolis density meter.

Flow Splitters

Sensors

FiG. 6.5a

The components and the tube assembly of a Coriolis meter.
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MEDICION DE DENSIDAD - SELECCION

TABLE B.1a
Orientation Table for Density Sensors
Applicable ta N o
= 3 L
2 = z
b = A
E e 32
7 - = =
2 ¥ E R E = 3 =
u 2 T & s = ) i3 3 .
= 3 3 . |33 o E Diesign Pressure and 3z j' E
% % :. E 5 e é t '—L"; i Emperature Limitations 5 E E
s z 2z : T SE| & :
= = = T = - y P s
LIQUID Density Sensar Design - = 2E |2 & E == PEIGHEF Bars/*C =2 =i =
Angular Position Type ¥ 0.l 0.5% 1000500 G250 M5 ¥
Ball Type ¥ Digital | Q.01 5G SO0/ 160 4171 MNS. ¥ ¥
Capacitance Type ¥ ¥ ¥ 0l 1% SO 16D 34571 ¥ ¥
Displacement Typs
Buoyant Force Displacer L 0n.00s 1% 1 S{X)/ES0 1300472 NS, 4
Chain Balance Float ¥ 0008 1-3% S(EV450 23z L v ¥
Hectromagnetic Suspension ¥ 0.01 0.5-1% 200,350 14177 ¥ ¥
Hydrometers L .05 15 1004200 T3 L v ¥
Hydrostatic Head Type o o L .05 0.2-1% S000/350 MENTT NS, L 4
Oscillating Cariolis W o L 0.1 0.025G ar SO0OCE0 M5/426 ¥ ¥
better
Radiation Type ¥ ¥ ¥ 0.0 1% Unlimited Unlimited ¥ ¥
Sonic/Ultrasonic ¥ ¥ ¥ 0z 1-5% 10003590 G9/199 ¥ ¥
Twin Tuhe v ¥ Digital (.01 14407356 10X/ 180 ¥ ¥ ¥
Vibrating Fork Typs ¥ L 0.z 0001 8G 3039z 2071200 ¥ ¥
Vibrating Plate Type {also for gases) ¥ L 0.1 0.2% 144407200 125 "
(currently not manutactured)
Vibrating Spoal Type {also for gases) ¥ L L n3 0001 8G TI5/300 S0/149 ¥ ¥
Vibrating U-Tube Type ¥ 0.0 KN 5- 29000500 204260 ¥ ¥
.05 8G
Weight of Fixed Volume Type v v ¥ .05 1% 2400500 1654260 ¥ v ¥
=
g
. lg = ™
N Design Pr.es.\'.ur.? md -".“'% 3 N %
Minimm Zpan Temperature Limitationg q3 z % E
fnaccuracy in % af 33| 53| 3
GAS Density Sensar Design J’bm.ﬂff .i'g.-’m" Span ar in 3G Units PSIG/F Bars”C TS| CE =
Sensors Dperating at Actual Flowing
Conditions
Centrifugal Type 1.0 16 0.1-40.5% 20007300 138/49 ¥ ¥
Displacement Type 1.0 16 0.25% 1 50042 10383 ¥ ¥ ¥
Fluid Dynamic Type 0.5 ] 1% 500450 3.5/232 ¥ ¥ ¥
Specific Gravity Detectors Operating at Minimum Span Based on
MNear- Ambient Conditions Air 3G = 1.0
Electromagnetic Suspension Type 0o 5G LN 850G ATM12] ATM49 ¥
Gas Column Balance Type 0.1 5G 0.001 5G 200140 1.4/60 ¥ ¥
Manual Displacement Type Elements 015G 0002 5G ATM/120 ATM/49 ¥
Thermal Type 0.5 5G .01 5G ATM/ 120 ATM/M49 ¥ ¥
Viscous Drag Type 015G 00010002 3G ATM/ 120 ATM/M49 ¥ ¥

N.5.: Nonstandard
L: Limited

|
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MEDICION DE VISCOSIDAD

MOVING PLATE

1"_7
—_—
T g B
L
i l LIQUID LAYER

STATIONARY PLATE

F_uv, _FA
AT L TTWL

FlG. 8.62a
Viscosity is a fluid property that describes the amount of deformation
(V/L) that will result from a particular shear (F/A) that is applied
to the fluid.

NEWTONIAN FLUID-(1) ©)
(WATER, MOST OILS,
FORCE SALT SOLUTIONS)
(2) PSEUDOPLASTIC
(SHEAR THINNING)
(PAPER PULP, CATSUP) (3)
(3) DILATANT
= (SHEAR THICKENING) -
g (STARCH, QUICK SAND) = ()
Z (4) PLASTIC SOLID g
————— W
Z (CHEWING GUM, TAR) z l
= (5) THIXOTROPIC 0
(ASPHALTS, LARD, £y
SILICA GEL)
(6) RHEQPECTIC 03)
(SHEAR THICKENING) ,
A
GYPSUM IN WATER FLOY
SHEAR RATE (VELOCITY GRADIENT) SHEAR RATE (VELOCITY GRADIENT)
FiG. 8.62¢
The viscosity and shear stress of Newtonian and non-Newtonian fluids when these fluids are deformed at various shear rates (velocity
gradients).

|
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0il is drawn into

tube to start mark
©71 by suction

Tube is submerged

into constant

temperature bath
UPPER ETCHED INDEX LINE —=

Start Mark

EFFLUX VESSEL—
Secands
LOWER ETCHED INDEX LINE—
CAPILLARY TUBE —=
Stop Mark
FILLING ETCHED LINE

Time is measured in
seconds as fluid flows
from start to stop
marks (efflux time)

=—RECEIVING VESSEL

FIG. 8.63b

Ostwald manual capillary viscometer.

CAPILLARY
PLUG

ETCHED MARKINGS ‘\__—ﬂ.. BALL
DENOTING
FALLING DISTANCE

TO BETIMED \

FiG. 8.63n
Falling-ball viscomerer.

SYNCHRONOUS <
- MOTOR \ Thermo
GEAR TRAIN
DIAL

CALIBRATED SPRING

POINTER

BEARING AND PIVOT

J

SPINDLE
COUPLING NUT

SPINDLE GUARD

SPINDLE BODY

IMMERSION MARK

=—— SAMPLE CONTAINER

FG. 8.630
Rotational viscometer.
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Resistance Temperatwe Sensor
{option) Sensing Unit, F\-300
e — — | -
ensor
Process Fluld Pr—— tarting Poin

H s
: Measurement Unit, CF-300
-
-
-
.
[ Teansit Signa
Bypass Fiow Patn| 8 s
-
.
-
.
-
-
-
= Measuring Tubs
-
-
.
n E Paint Sersor
Air Cylindes i
Purge Flow Path
3-way Vake
£ 3

Process Fluld e

Operational Signal to 3-way Vaive

Solenold Vaive

SPEED /—\
REDUCTION
GEARS Tl

SIGNAL ]
TO RECEIVER — — |

-::AGE//""

— SYNCHRONOUS MOTOR

| — ROTOR & STATOR BRUSHES

l— VARIABLE CAPACITOR PLATES

m— CALIBRATED SPRING

— FRICTION CLUTCH

SPINDLE EXTENSION

SPINDLE

FiG. 8.64v

The operation of the rotating-spindle-type industrial viscometer
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Al
BLEED "
_ WTEELE AlR SLUFPLY
I:I"m"
PNEUMATIC
FELAY
CUIARSE FEED BACK
ZERD UNIT
ADIUST
3-15 PSIG
OUTPUT
PORCE m_ll ANE ZERD
BAR ADIUST
FULCRLUM
KEMSOR
- HOW

TRAMNSMITTER SCHEMATIC

FORCE BAR
T FNEUMATIC
TRAMSMITTER

SEAL FLUSH
WITH PIPE
WALL
(FULCRLUA)

MATERIAL s SENSOR
FLOW . BLADE
SHEAR FORCE

RE. 8.18b
Stationary Blade sensor and transmitter schematic. (Courtesy of
fnveniys Process SvitemsFoxbore.

BLADE DETAILS

F
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&18 Co

nyistency Analvzers 1325

ROTARY
EEMEDR

FOSITIVE — TORQUR
FEED BACK TORGUE ARM
UKIT OONNECTED TO MOTOR HOLUSING)
+ T NEGATIVE
l 1' FEED BACK UNIT
Cr— -
SENEITIVITY /" +
AlR NOZZLES

ADIJUSTMENT

=

RAMNE

ADJUSTMENT
FLXEL
RESTRICTIONS

DIFFERENTIAL

i

BOMISTER

T ALR SUPPLY

A PEIG

OUTFUT

315 PEIG

-

FIG. 8.18¢

Afr schematic of mrating sensor
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MEDICION DE INDICE DE REFRACCION

DIGITAL MEASUREMENT
PRINCIPLE
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CONDUCTIVIDAD TERMICA DE GASES

Permiten medir la composicion de mezclas binarias con moderada sensibilidad.
Aplicado en columnas de destilacion

SIGNAL
ouT

ELECTRICAL CONNECTIONS
TO WHEATSTONE BRIDGE

SENSING REFERENCE
FILAMENT l- 4 FILAMENT

|
N

TO VENT TO VENT
e

REFERENCE e FILAMENTS .
FROM FROM
cs | A m‘7 7777 REFERENCE
SA.\-lPLE\
FIG. 8.57d FiG. 8.57¢
Four-element thermal conductivity cell. The design of a two-element, flow-through TCD cell.
VAAYA Thermal Conductivity Detector (TCD)
Carrier Sample
gas gas
VWA VWY
—O \frum
VA A
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MEDICION DE COMPOSICION EN LINEA

APLICACIONES:

+ Chequeo de materia prima
Calidad del producto

Control automatico de procesos
Para gestion de inventario

Para seguridad y proteccion
Investigacion y Desarrollo

* & % 4 @

CONSIDERACIONES PRACTICAS

+ La muestra debe ser representativa
+ El estado fisico de la muestra es fundamental
+ Especificidad del método

MUESTREO (Sampling)

Operacion mediante la cual se toman porciones del fluido a analizar y se lo transporta
hasta el punto donde de analiza la composicion. Proceso critico por la precision y fuente
de problemas de mantenimiento.

Los tipo de muestreo son:

#+ In situ (on line)
+ EXx situ (extractivo)
#+ Discreto

CLASIFICACION DE LOS ANALIZADORES

GENERALES |Se aplican a un gran namero de sustancias y
para cada caso debe calibrarse con patrones. Se
los puede categorizar en:

e Cromatograficos

e Espectrométricos

e Electroquimicos

ESPECIFICOS |[Sirven para una sustancia determinada y
corresponden a componentes muy difundidos y/o
importantes. Ejemplos: humedad, oxigeno, etc.
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MEDICION DE pH EN LINEA

(Voltmeter)

Measurement
electrode

'S

Reference
electrode

#  COAXIAL

CABLE
BACK - BACK
SEAL L}CAP SEAL
FOIL [
SHIELD ~— Ag AgCl ELEMENT
OQUTER 4 FILL SOLN. KCl
BODY BUFFERED TO 7.0 pH
- pH SENSITIVE
~——GLASS MEMBRANE
MEASUREMENT

ELECTRODE
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7~ COAXIAL
CABLE

CAP

AgAgCl
ELEMENT

KCl
ELECTROLYTE

__LIQUID
JUNCTION

REFERENCE
ELECTRODE

» COAXIAL
CABLE
BACK
SEALS
T REFERENCE
OUTER | Ag AgCl
BODY ELEMENT
KCI FILL SOLN. | REFERENCE
7.0pH ELECTROLYTE
;Eé\i{é]\rr REFERENCE
MES | LIQUID
JUNCTION

"\ pH SENSITIVE
GLASS MEMBRANE

COMBINATION
ELECTRODE

JET CLEANER BRUSH CLEANER
FOR WATER OR
CHEMICAL CLEANING

FIG. 8.48u

ULTRASONIC CLEANER

Design variations of on-line electrode cleaners.
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MEDICION DE CONDUCTIVIDAD

Voltmeter
v
)

1
Current source i

—

T

Distance = d

4-wire ohmmeter .
. . . C|Ip Current
: source

; \ 4-wire cable f‘\= S,
5 + SN YY) 2 /"’/

® —— v |
: - A \\

: J (wire resistance) \.,/ !

clip
R _ Voltmeter indication
speeimen Current source
Resistivity in ohm-cm 108 107 100 10° 104 10° 10?7 10 1
Conductivity in uS/em 1072 107! 1 10 107 103 10* 10° 108

Ultrapure water - |

Demineralized water

Condensate

Natural waters

Cooling tower coolants

Percent level of acids, bases, and salts _

5% Salinity

2% NaOH

20% HCI

Range of contacting cells

T [ —

FIG. 8.17d
Resistivity/eonductivity spectrum of agueous electrolytes. (From Light, T. 8., Chemtech, August 1990, pp. 4960-4501.)

AC voltage
sour

AC
ce voltmeter

wire . wire
liquid
AC voltage | ‘ ‘ | AC
source voltmeter
- liquid -
wire wire
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ANALIZADORES ESPECTROMETRICOS

PRINCIPIO DE FUNCOINAMIENTO

—> RADIACION

— ABSORBIDA
> RADIACION
TRANSMITI
RADIACION —_— RADIACION
INCIDENTE —_— DISPERSAD
TIPOS
#+ Analizadores Infrarrojos no dispersivo (NDIR)
+ Analizadores fotométricos
+ Analizadores Ultravioletas
+ Analizadores de Rayos X
+ Espectrémetros de masa (variante)
+ Combinacion de los anteriores
REFLECTED
]_.].GHT - [P e |
~ ABSORBED
N LIGHT
@ ______ _— U | s ———
L T A f 4 I
SOURCE 0 eV T .
///! y, DETECTOR
A SAMPLE
i CELL
SCATTERED
LIGHT

I, = INCIDENT RADIATION
It = TRANSMITTED RADIATION
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