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Chapter -3 Sensors and Transducers

$05:5050543E 03Es0mq(measurement)gps [gepS§E0p5
9B05§05 SBErom[gEs(Direct Method)

Direct method $p5:2005 03E:c32005 3a6p(unknown quantity)od 0305805 o3E0m[gEs [gdo0pS
0090 03E:0mfge:(Indirect Method)

Indirect method $p5:2005 03E:c8a0pd saep(unknown quantity)o? 0305805 cBE:omes
o[968C0pdmsl  socdebesaopd Sagpion§Biod  oBE:wpq unknown quantity & 00§3:03
09050320055052 g0

powd- 0o0pd8:58:(volume flow rate)o oBE:q8 o[gb8E0pbeadlogE sacgE(velocity)o?
03&:q) e§on(cross sectional area) $& clgpoS(multiply)op8Eo0pd
9-0 Classification Of Instruments

Absolute Instruments

03E:c8a0p0maepel 008303 0305805 03E:0mgEa0pd instrument gpzod  “Absolute
Instrument” gpzop 68l oopS

Secondary Instruments
Instrument 00&903 calibrate c¥600Begd200d absolute instruments $& §E:0pd[B:
calibrate cpbaonieamelopé secondary instrument gpzop @8l o5

Instrument gpz&i function gpso? o3:§je F[gr:8E2025
(0) 008B:qp:0d eed[ga$320305 03&:0m[gé: (Indicating function)
powd- sohiepdh apodpor wgd:
() 0088:q0d 90506008 q 30305 03E:0m[gE:s (Recording function)
poed- 0q60680m1 qI00dEI0dEIRY:PSS:
(p) Device 008903 aB&:q|0ewrEssaSmagnd 03€:0m(gE: (Controlling function)
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powd- Chilled water flow valve o3 control cpS$320305 supply temperature o3 03E:om[gEs
[§&2005
Measurement system qp:o3 3203gq[00pd cvSeseqps(application)
(o) Monitoring of process and operation.
(J) Control of processes and operation.
(p) Experimental engineering analysis.

Sensor qpsoopd control system o3¢ o§e[gddloCoopd 3280n 3805323E:qp: [gB[oz0025
32602060: p5qIE:0005 sensor gp: $& 0550007 ©00G80EmE0005 sensor gpiw ©odIc:a0R)
00§ 8:qpe0? 32034g|g) 2290E[GE 90532005 (sophisticated) cpbesigpio? caongodes olgdblaon
o)zses:(chapter)ogd building control system g€ 3209dgjoopd sensor gpsadom Bonseos
eedlgoonsopdi

Sensor qp:d 32034qe) controlled variable gpsei 00$3:03 o3E:0m[p3o0pdi wpdoopd
9BE:0mqq| 6[grpSS ©pbaopdmaepa’y) control crdes ©[gdSE Operator gp:aopd sensor gpion
0050900282009 0083sqp203 cen¢[305(Monitoring)om plant codeadiel a6[geae503 B8E00N

Physical Transducers Field wiring Signal conditioning

phenomena < -
" ‘.ﬂk""“—-\.
—* Thermocouple —» % Mﬂ — L/I/
Temperature Noisy Filters
pressure electrical and
motion signal amplifiers
Strain gauge l’
N\
u u I il .l'r! 4
| — . 7
.I L] Field wiring \ /
Direct Digital Controller N

Filtered and
amplified signal

@ -0 Anatomy of a sensor system

HVAC cpSeds(application)gpiogé saadsqp:aopd sensor gpsed temperature 1 Carbon
Dioxide (CO2) Carbon Monoxide (CO) 1 Relative Humidity 1 dewpoint 1 differential pressure i
velocity sensor $C flow sensor o3gdoopdi Sensing technology 20p5 a0 agi€lgégn 00005
e[pEicdesoopd 0pad (9620t Belopé sensor socodgps 380050[god agoded esery
§oopdi

03Es0maepd3aep(measured variable)o control module 32038293 input 2a(gdeepPad§oopd
G5epIa[osg) process 30:d:03 sensor 830005 ©om:dgE weguep eudlgecy §oopdi
Sensor 00690 Gaongodeepd cpdess(function)gp: $& 32805328E:qp:ad Flgpresdlgaayc
(o) Sensing element: 03E:0:0032005 saep(measured variable)o? 23881 3045882005 AB3§unad

sensing element 068l 205
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() Transducer: Sensing element ¢ 03&:omqodqp:ad electrical signal =5[gda3 e[gpseo:
882005 active device o3 transducer vresl 2051

(o) Transmitter: 03Es0mgjedgp20? electrical signal a(gd control module 8833 deoso0pd
device o3 transmitter vresl 2051

coodecopd transducer & transmitter o303 6dlC:aged sacpody  GoRqEA§ R0
Transducer $& transmitter o3l Geongodgodgp20? “Signal Conditioning” vpesl ado05i

Signal conditioning &1 cpScsqpeen

(o) Filtering to remove noise

(J) Averaging over time $&

(p) Linearization o [g620p5u

:§|,600 system gp:opE sensing element o3 controller $¢ 0305805 §odsood
002560p§o0pdi powd thermocouple o3 controller $&0305§05 §ods0050004(Gs signal conditioning
o3 controller module 3203&:3 caona5gaden§aopdi

Transmitter

Transmitter a32000¢0  signal 008903 LO58Besn0d 3 signal & 2005e3E2005
20530005 (data)gp:o? safgpieoon  device 0069aBa 0066000005000 B3§urn(device)o?
Transmitter opesl copdn

Transmitter © coodeu:§Coopd signal sadjrmaonigpsed 0-5 volt 1 0-10 volt or 4-20

milliamp (MA) o3g620p51 HVAC coSesegEagé voltage output gp:od sacg83500:qp:00001 036005
4-20 mA signal 20p5 3¢) Bodg|(robust)qoopdi sa00:a0[gE dom[odr qpS20p838l $E 00dg

c0&csgpiogt 3¢) cofegpaodi
Sensor $ transmitter 03 $&9c0IC:002:00p5 accuracy o3 eudlgecy §oopdi

Sensor gqp:03 $5:3§§jHgC 000dGeseoMEOPE sensor gpsail interchangeability $&
interoperability 030005 control system qea0R05 sacgS36e 380009 329)05 (B0
Interchangeability 20pS 0005c0SoOGLMNSAe sensor [§& SfgPI0c5CR0%  ddeuNAHdE
sensor o cA3cvu500690E8EG(physical replacement)o’ a3cda05i

Interoperability s300p5¢> sensor gl 0009 $¢ 0009 ABepud coSe0E0pd3a4l control system
$C 030503¢ &§ o§j(operability)o? a3ao0pdu

Sensor qp:0? egequdepogl installation time 1 accuracy 1 precision 1 reliability
repeatability 1 durability 1 maintenance 1 repair/replacement costs 1 compatibility oooéo%o%
32600560t 0D:022qS 332600001

Status o eedgoopd sensor gpzoopd binary output(on/off)o3 cocdeosaopdi Setpoint
00§8:0005 gpsagi€ “"ON” output 93wwpod setpoint 00830005 $pdsqiE “OFF” output cooSeos
2001
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Sensor 3aqp:paopd mechanical device gp: [g8[o300p51 Thermostats 1 humidistats $&
pressure switches o3 [g8[o30025

Status cedgq$ o3ewrod software interlock cpSgS820305 sensor & output o3 controller
S digital input s3[gd §oSeocdaopdi GodiEgepLdl cdfessE  005eBEa0pS(safety-critical)
interlock qpzod dlooa(o3g&aon(hardwired) §odsoodecpdoopdn Software interlock o3 32034qig¢
9%"

Sensor &1 status qp:a0p5 voltage-free contact qp: [§6[0300051 Analogue sensor gpsoopd
measured variable &1 0o§3:03 electrical signal s2[g623 e[gpE:cde0i: controller s8a3 deozaopdi

03&:000:0005 00§3:qp203 input signal s3[gd control crSepPogE saaddgjoopd
1 1 + 15V supply
2 ‘E T 3 [temperature 0...10 V
NTC "K2" E Com
or "K10" 1

¢ 9-J(oo) Passive Sensor $ - (o) Active Sensor
Analogue sensor gp:03 682005012038 J[gp:§Eaopdi

(o) Passive devices: Transducer olo€3 sensing element 20> dloGaopd device o3 passive device
opeslaopdi Signal  conditioning  cpS[g€:ad  controller  32038:5000  [gjewSo0pdi powd
resistance type temperature sensor [gdoopSi cgbedencdemieug§ o33 controller @
analogue input $& passive sensor o3 dloxo3g(field wiring)[gé §odsooSaonz005i

(9) Active devices: Sensing element $¢ signal conditioning co6q§ transducer $& transmitter o3
Olo€o0pb cB§uxnad active device gpzup cal2opdi Controller & analogue input $& passive
sensor o3 loxm|o3(field wiring)gé §ode005000:00001 Transmitter ¢ coodeozo0pd industry
standard electrical signal gp:o3 Table 3.1 § eeblgaonzoopdi

Table 3.1 Standard signals for transmission of sensor readings

Signal Application
0-10v DC Standard for HVAC applications
4-20 mA Common in process control
Voltage-free contact For status indication
Pulse Energy and flow measurement

4 to 20 mA signal o3 a%:q€ dlo[od $6eqpEs(two-wire connection)oon c3oopSi Hostile
environments $& process control qpsogE 4 to 20 mA signal o3 saaddgfe3oopSi 0-10 V signal

o3 o%q€ oo odseqpts Boupod eroseqpt: cBepd0pdl cpogEdd KodeomaeoPE
HVAC systems gp:0p¢ saadd{g[e300001

Intelligent sensor gp:o0pd oB&:upoonsoopd oo&8s(measured value)gp:o a3ewrod
;e[geacs(status)qpeo? digital signal 3(gda3 e[gpE:cd[g: ood[gnieom intelligent device qpzadad
control cpSq§EaR05 Ga0dVpS:eomEs 03E:00000:000) 0§8:gpin? eedlgaSeacgod cusd§ted:
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§oopdn Network 20038 device qpsodoopds cosd §E0p5
aB32[g¢ intelligent sensor qpzoopd 6320050 CRSCEgP0? GeodEgrdeu:dEaodi
(@) Checking upper and lower bounds

(®) Calibration and compensation functions
(o) Calculating derived values, e.g. enthalpy.

0. 28¢5 ¢Eadqedgp:(Definition of Terminology)
Ambient

Sensor §epesep 9Bewpdd control system §epesepet :2§:08:0E03 adcaopdi
Attenuation

Attenuation a320p5¢> 2q$ [op[gEoopdsCany) signal e magnitude [§E:03 933200
00bsp5:304g¢ signal strength sa02500:0304gE: [d2051
Calibrate

20500005 oopdoo&s(true value) $& sensor @i output 00§8:033005 LA568E0H
accuracy a3e0pod uncertainty 32038:§esE[giapd[gE:ad calibrate capdoopSur el aopdi
Closed loop

Relates to a control loop where the process variable is used to calculate the controller output.

Range
Device 009 operate coSepd upper limit $E lower limit 3303220005 Range [gdoopSn

Rangeability

Rangeability s300p5¢0 32[gCediBigSisC 328690:8:55: 3o [g020p5n Control cv68E0pd
flow range [gdoopS
Qmin

max

Rangeability =

Reliability

Reliability &32005¢n device 00b9aopd 2005005000s0009 specification 9Bewpdd 6§
dR$:08200503¢ (3660000 operation cv68Ea0pS Bwupod 3§ (operating hours)eody|
02045683¢ 320060068E20p503 eudlgoop? [468Ee(g [gBaopd
Resolution

Resolution &30005¢n 0BE:00008§8E2005 maGa0c0dedieam vedan(smallest interval)
[g&20p5
Self Heating

Electrical excitation efop& sensor 22038:5 220§§[gEon05c000081 Self-heating 205
[gob8:05026000 aq60d8se{o3pEs(current)eloppE [gbo0pd
Sensitivity

2005¢050020003 input 00§3: efgpE:cd[gEieloE elgptsadagnionpd output 0o§3: [(g20R5
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Stiction

Static ~ friction ~ ood§Egdoopdi  dPoode o€ egagprogigs 0305
9900200pd3(resistance to motion) [gdoopd
Transducer

Temperature or pressure 02009 physical quantity & o0§3:03 volts or millivolts or
resistance change 22[46 a[gpE:cde0:0005 element 2Bwupod device o3 transducer vresl 2051
Accuracy

Accuracy 8320p0en  03Eome(measurement)oopd  opdql 0303000503 8832001
0085p5:304g¢ accuracy 2005 03E:0m603¢ dlofeso0pd sagnioen(error in the measurement)
[g020p51  oBE:0mg(measurement)qp: [grpSo0pd928l [§8ed 2005 Fa6s0Edm(amount of error)
o3 accuracy 0y 200500520051 SEDsEdAN(amount of error)gpseco accuracy pdgE:ecw [gd20RS
0bsp53mige  3905000005{00pd  00&BsoopS(true  value)oopd  03E:omng(measurement)o
offoopd o325 0pdq| §:0600p503 sBcgaoph

Accuracy 2005 sensor oodgell 03€:000005 o3§uongp:eil cogengPa(suitability measuring
equipment) 8360l0gE @oopSo0pdi Accuracy 98wopd total error in the measurement o0pS
linearity 1 hysteresis $& repeatability 035¢ copb:a005a3E2005

Reference accuracy e320p5¢n> 0005005002005 sac[gsees(reference conditions) oz&

q§8Ea0pd accuracy [§620p51 20056005000:000) GrOESEES (ambient temperature) Bsans(static
pressure) $& agGodenodaas(supply voltage)o3oopS reference condition [gdoopS

Accuracy o3 error 2300905 uncertainty [§&copds ceS[g§Eoopdn  Systematic  bias error
$C random errors (imprecision) ope] $8§§o0pdn 0800 §oopd 0o§3:(true value) o3
000588204 OBogpsmsesant ewdlg8Eedapd accuracy [goopd
Reporting Accuracy
¢2200503¢ minimum acceptable reporting accuracie 6o5[goo:a001

Measured Variable Reported Accuracy

Space temperature

0.5 degrees C (1 degrees F)

Ducted air temperature

+1.0 degrees C [+2 degrees F]

Outdoor air temperature

+1.0 degrees C [+2 degrees F]

Water temperature

0.5 degrees C [£1 degrees F]

Relative humidity

+2 percent RH

Water flow

%5 percent of full scale

Air flow (terminal)

+10 percent of reading

Air flow (measuring stations)

%5 percent of reading

Air pressure (ducts)

+25 Pa [+£0.1 "W.G.]

Air pressure (space)

+3 Pa [+0.001 "W.G.]

Water pressure

%2 percent of full scale *Note 1

Electrical Power

5 percent of reading
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CO Carbon Monoxide +10 percent of reading 0-300 ppm
CO2 Carbon Dioxide +50 ppm or 3% of reading
Note 1: for both absolute and differential pressure

Random error
(precision)

Systyematic

error

lilegitimate (inaccuracy)

@ 9-9 Accuracy terminology

Range of Operation

H[gCedisC 208690: operating limit  odsafogpi0pd  ABfooogp:  comligy  3acpd
cv68Ea0p5 range of operation [gdaopSi Gebgoonoopd specification gp:oopd range of operation
320985000 >ojjoCoopdi Range of operation & 35[gEopE oyjeepodesaopdendl sawnsgpigt:
(excessive errors)l o8 320060005[gE:(malfunction) $& qod8dgC:(permanent damage) ©20p503
[§68E 0005

Sensor gpiel 038:8E2005 range o coodcpdan(manufacturer)gpiod 050060005
(catalogue)ogé  eedlgoon:aopdi oBE:co00d 0088:0005 range @ 3a[GEoncSozE  oyeepod
06$60q$ 2003(g[a0&a00!
Budget/Cost

Sensor qp: GgqIudepoRe eqrgSiss cSoyododoopd 38mlo30005 agEd[gdaopd
9€¢[gloons00pd onodqiod(allocated budget)zaogEsdom cpbadElmqeomelopE specification gps
3225008 530503659 600500p0s GggSisE crSoEdod scgsqpidlon §E[gedeepd vurddeo
Hysteresis

Device gpsell accuracy 20pd previous value $& direction of variation ssedlopé
©0oopbo0pdi Hysteresis 0005 3208000005§0005 0088:00p5(true value) ¢ o33 (inaccuracy) o3
es5|goopdi Previous measurement $& copds 20059382005
Linearity

Linearity s30000¢n curve ood9oopd gdse[gpé(straight line)sé opdy &:06000503
eedlgoopdi Sensor ¢l curve 00d9a0pd gselgpE(straight line)sé opecw linearity deomEseco
[g®20p5 Instrument ¢ 03E:00062005 00§3:03 response curve [g¢ cwd[g8Ea000n Response curve

205 gpbse[gpS(straight line)o3ad ©upodag€ adewrod linearity veomE:ag€ continuous control
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application qpsopE [gooosogpsgd [ojjeoge $Ea0pbi adlgooosogpiad elgqliq$aaogad signal o}
qse[pE(straight line)sao3E: s00500g [gdesmE [grpd8Eaopdi oBad[grwd[ge:ad linearise
006200507 @8l 200

Output Actual response

Output \
0 - Straight

5% \ line

20%

Input 100% 0% jnput 10%
Q -G Hysteresis $ o-g Linearity
Repeatability

Repeatability 8300p5¢n g03002(036 oB&:omg(second measurement)aopd ocoeme[36
oB3&:omg(second measurement)s& ©pdqiindaopda’ eedlgoopdn oppBoopd(same) input $E
oppB8aopd(same) operating condition 6300503800 Fa0jjr0Co0pdi Repeatability 20pS device el
accuracy range 63005038000 §oopdi Repeatability $& hysteresis $& o3gr:d0? 2003[gpogoopdi

Sensor gps repeatability pdeoome[opE control system gzl g&:es0oEqRS pdgE:§Eaopdi
Sensor qps repeatability pdeoomefopE controller gpzaopS c305c0053¢) control cvd[gEs(over-
control) [88E20051 ad[gooogna? controller gp:apE deadband cosg) ey E:§Eopd

°C Control Variable
DeadBand

Process variable

Wi

i,

iy,

¢ - Poor Repeatability | Good Accuracy Means Good | Good Repeatability Does Not
Means Poor Accuracy Repeatability Necessarily Mean Good

Accuracy
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100k precise, inaccurate

Chapter-3 Sensors and Transducers

80

temperature

imprecise, accurate

B
>

60 Time

@ 9-© Accuracy and Precision (Hegberg, 2001-2002)

O(p-J)og¢ precise and inaccurate 1 imprecise and relatively accurate 0303 £E:00d codlg

ooo:oaéu
Reliability

Realibility e320p5¢n 2005¢05000:6000 22038:m00m  00daaopl: device 02692005

03[035805qg0 gE5Beg,0E(E: oD V9§3203E: FddesepS [468Ea[g(mathematical

probability) [g&aop5

Response

Device ood9al output o3 function of time [9¢ codjgoopdaadl 3ac[geeessro0d0d
op&[g8(respon)q§ [op§a0pS sacgEmncerodoopd 3005 [§8a0pSi Ad device ad:q§ 20Eiwo0E
oBcopds odonigs 8o0pdi ap&es:000d 03gse§oopd (slow responding) device qps o3 continuous

control application 0g€ ©ad:a0&Sh

Final steady- Transient
state value overshoot
Specified
Output Band
Rise (for settling
time Specified time)
Percentages
of final value
Initial value >
; /f _ Settling time >

Step response time

@ 9-¢ Typical time response for a system with a step input.
ASHRAE Terminology of Heating, Ventilating, Air Conditioning, and Refrigeration (1991)?

$p550po0edluomegpa? Gedgoozoopd
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03E:0m¢(measurement)ood9cd:eil accuracy 2005 6I205dlEagIodgPieil 03¢ Gonba0bi

(o)

(®)

(0)

(20)

(c)

(o)

(s0)

(®)

Accuracy of the sensing element: the claimed accuracy of the element may not be
available over the whole operating range or may be quoted under ideal conditions.
Sensitivity: this is the smallest change in themeasured variable that can be detected
by the system.

Interacting variables: the condition of the sensormay be affected by other
environmental variables,e.g. an air temperature sensor will be affected by thermal
radiation or an RH sensor by local variations in air temperature.

Stability: sensors may drift with time and require checking. Stability is likely to be
affected by operating conditions.

Hysteresis: the sensor reading may be affected by its past history and speed and
direction of change of the measured variable.

Mounting: the mounting and location of the sensor will affect the reading.

Signal conditioning: associated transducers will introduce their own limitations to
the accuracy achievable. Some systems ‘filter’ readings first and only transmit when
the measured variable has changed by a specified *filter factor’. This is used to
minimise network traffic.

A/D conversion: the discrimination of any analogue to digital conversion will set a
limit to the achievable accuracy. Eight-bit conversion divides the range into 256
steps, 12-bit into 4096 steps. In the latter case, a measurement range of —50 to
150 °C would have a step size of 0.05 K.

o Xo) Sensor Performance Characteristic

Sensor qpsell static characteristic $& dynamic characteristic qp:o3  GwS[goorzoopdi

00[gp0egpdegEs0m 6[gpE:cd2005 characteristic qp:o? static characteristic o cal copd

Static Characteristics Dynamic Characteristics
Accuracy Scale range Speed of response
Drift Scale span Measuring lag
Dead Zone Noise Fidelity
Static Error Dead Time Dynamic error
Sensitivity Hysteresis.
Reproducibility Linearity
Static correction

1-10



eomEs0005028

Actuator Expected Performance Characteristic

Chapter-3 Sensors and Transducers

Sensor Type

Expected Response Time

Performance Assurance

Air Flow Damper 30 second Sensor Feedback
Evacuation 60 second Supervised
Admittance 1 second Supervised
Lighting 100 millisecond Optical Sensing
Smoke Control Damper 10 second Supervised
Smoke Abatement 60 second Supervised

Speed of response

Sensor gpsel opS[gSa(response) aqilgSeamn oopd[§(stable)ds oBoyoopd(accurate)
control coSc&igpod 6e0oEgrA8EBGepd [3doopdi Speed of response o3 time constant [g&

eedlgecy§oopdi Time constant e30p0en efpEicdgel Gp%o? output singal :o[gd coodeos

8E§83 Bcdaophi odgpbemndgé  elgplicdeel 6p% 038q8opgS [do0pdn time constant
2005 00058080001 03E:0005 medium oBzaedl g€ Goobapd

Time Constant
(Thermal Response Time)

Step Temp. Change

Time Constant

‘? 9-00 Time Constant

Controlled variable &l a[pE:cdga3 sensor oo Bg§fopeco time constant gpzecw
[s8[8 control system & op§lgSq(respond)esieco [gdoopdi Time constant §pS:o0pdsasl

measured variable & short term fluctuation gpielop ocdoon:mabaopd control action

qPegdedl cngEoopdi

Sensor @ time constant 20p5 control system @i time lags 03¢ Glo€o0pdu

9-G Selection Requirements

onbsoCoopdesep ogeqdfgt: $& 3200dgepd sensor sa§jreron:  egegiuO[gEi0000
control system 03&:200305 36EE 03005

Control system §),03¢{g8s 908 2o0pEend[gt: 6l 3280 sae(oypEieaqioond sensor o

[g8edl a0 [gaoosogpialorpEgboopdn saqpbeacags piqieomn sensor gpsclopt drift [gdedl[gs
030005 2005008:00388  gEdBs(early failure) [gfgEo3§:86:9S mSoqofodqpa: $C
control cp68EgSs pdCs[gE:a [gdeil §Ea0p5
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GomEs005038

32680009208 sensor qp:pE [gdedlenp§oopd [gooosogpies waBoygts(inaccuracy)sé

qo58:qj,03¢4gCx(failure)o? [g620p5n Bgonosn $6§j:wo sensor qpzod wsogtagn ondeoaondqts
(incorrect installation)e{o3p& [gd205u

Table 3.2 Sensor requirements

Sensor requirement

Checklist

Type

Status, analogue, intelligent

Sensed medium

Air, water, gas, oil

Sensed quantity

Temperature, pressure, velocity, humidity

Location Space, duct, pipe
Housing Accessibility, effect on accuracy and speed
Accuracy Accuracy, resolution, hysteresis, repeatability

Operating range

The range over which the sensor performs accurately

Overload range

The range to which the sensor may be subjected without damage

Response time

Affected by sensor, housing and medium

Protection

Is protection required from a damaging environment?

Maintenance

Calibration requirements, ease of servicing and replacement

Interchangeability

Can sensor be replaced by another from the same or different
manufacturer?

Cost

Initial cost and total ownership cost over life cycle

Sensor selection criteria:

Sensor gp:0? egg|oSepPogE 632050l 3gdEPIN? 3EVIGL: 05:02:00E200I

Range:
Sensitivity:

Linearity:

Response time:

Accuracy:

Repeatability:

Interchangeability:

Ease of calibration:

Stability:

1-12

Sensor @ accuracy 2095 range 3263 03¢ @onpS0pS

03E0mg] §E0pd Iea0tcededicam efgpcde(measure of the smallest
change) [gdoopd

Linearity between the change in input variable and the change in output
variable. Signal conditioning is required for nonlinear sensors

The time taken for the sensor output to change for a given change in the
sensor input

Sensor oo o3&:e0sa0p) 00§8s(sensor output value) $& 3205000058000
00§8s(true value)o3el oofgg|od 3a¢0s(error)aopd accuracy [g6o0pd

Sensor &1 consistency

Re-calibrating [g§cp6q$ oc80 oofgm: safjgop sensor o0d9sE elgptsq)
cBpud06e0EE0p 3aqpSancog

The ease of establishing and maintaining the calibration of a sensor
Sensor &l §ooCoopd g&:eeonEapdn?d omgpdesnt cB5:036:000:8E2000
26026



eomEs0005028

Chapter-3 Sensors and Transducers

Cost: Consideration of the appropriate cost for the value of information gained
from the sensor
000dcpbop(manufacturer)e Gosoopd pressure transducer 00696 specifications o3 powd

g0 cudgoonzoopd

Operation

Input range 0-1000 cm H,O

Excitation 15V DC

Output range 0-5V

Performance

Linearity error

0.5% full-scale operating range

Hysteresis error

Less than 0.15% full-scale operating range

Sensitivity error

0.25% of reading

Thermal sensitivity error

0.02%/°C of reading

Thermal zero drift

0.02%/°C full-scale operating range

Temperature range

0-50 °C

o X)) Classification of Error

Apparent measured average

Scatter due
. to random error

Test systematic error

Measured value (units)

N

True or known value

® Measured data

2 3 4 5 6 7 8 9 10
Measured reading number

¢ 9-00 Effects of random and systematic errors on calibration readings.

Error qpsod od:§js S[ap:§Eoopdi

(o) Gross Error

Gross error 205 cpgpselopElgdeo saeigp: [§620pdi 038:0000005 0088sgp: eosod[gts

OQOSQIOS(TI 'Tm@& O:DP_SO% @&Déu
(J) Systematic Or Cumulative Error
(o) Instrumental error

Instrumental error 2005 instrument 6lop¢ [g8edl 6oon Sag:qp: [§62025H

(®) Enviromental error

Measuring device §epesepaopd 200500500600 Fae[gsecs(temperature 1 pressure |
humidity 1 dust or of external electrostatic or magnetic field) o§eoxelopé [gdedl conoopd
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62qPegda00I
(o) Observational Error
() Random Or Residual Or Accidental Error
Residual error opeopds eal ado0pdi sacjogpEigpigoelopé [gbedl§Ee0m Fa0igpigdaodi
03&:0mg (measurement)oodoadseil accuracy 20p5 6320053 2ag/0dgpedl 03¢ G500
62200503¢ instrument error (§)§:03 ¢$Eonoy cudgoooopd

Downscale Actual data trend
3 g o=
T T
> =
=1 Hysteresis a
S 5 Best linear curve fit
Upscale
Input value Input value
Q 9-9J (o) Hysteresis error ¢ 9-0 (9) Linearity error
Maximum for
typical device
N/
g Typical shift -’
o ,/ # = Nominal curve = (high) 7’ //
T 7 ,’ for typical device g A
5 L4 5 o
2 /'\\ . H R Nominal
E //,/ Minimum for 3 P ,4\
y) /A K typical device ,/ ,’ Typical shift
v (low)
Zz
Input value Input value
Q 9-9 (o) Sensitivity error Q 9-9 (v0) Zero shift (null) error
.
4
rd
7/ ’
@ ,/ 4
2 "/ 7/
a / ’
E 2L /5 Probable (+2s,)
P4 V4 % data scatter band on
4 4 successive measurements
ya
Input value

@ 9-2 (c) Repeatability error

0.6 Temperature Sensors

Air-conditioning application gp:op€ 320§§(temperature)oopS 3280 ogeom primary
controlled variable [9&o0p51 Comfort HVAC application qpsogE  =o0q$(temperature)aopd
20056o0¢005000(human comfort)|gdg ¢l sacfgdsacionpE: [gdaopd Humidity 1 air velocity $¢
radiant temperature ©20p5032005  2005GoEMS o (human  comfort)gbe ssedl  sa0:
200566poN§EEaDR0: 20 (temperature)ecod 3280 wogeon  Temperature  sensor
2§ §oopd
1-14
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@ Immersion type
Partial Total Complete

@ @ @ Immersion

level

100 Fixed point:
boiling point (1 atm)

|+— Capillary
L

50 l=— Stem

Interpolated point Immersion

level

L
2
3 l 0 Fixed point: Immersion

freezing point (1 atm) level

M U M M&—Bulb

@ 9-0p Calibration and interpolation for a liquid-in-glass thermometer.

005qapdeSqps(industrial) g€ 32034gecp§oopd temperature sensor $6§jEed

Contact Type Non contact Type
Thermocouples Infrared
Resistance Temperature Detectors (RTD’s) Acoustic
Thermistors

Temperature sensor gp:&l 822%dgd(application) o3 c3a5¢) specification ogofgpzoopS
15°C ¢ 25°C 22038:§ accuracy 0.6K co:8Eo0p5 temperature sensor o3 zone air temperature

BE0pqs 200305 322082051 Chilled water temperature o3 control cpde$ 32034gjepd
temperature sensor 2005 accuracy 0.25 K §g§ c832600050

9.6.0 Principles of Temperature Measurement
Process material ¢ 03E:02000) 03§oon(measuring device)sda3 320gb:3aC(heat energy)

ope[pligadapl  326[gde) =0 S03C:0me(temperature  measurement)qpzo?  [gapSfog0025
adelopé 03E:0ma005 o3§uon(measuring device)qpsoopd temperature dependent [g6g§a3o0p5u

0068§e0d analog electronic & digital control system qp:og€ 220§ (heat)e[gpEcdgEs
elop¢ [gded cnoopd agbodedsas(resistance) 6[gpE:cdqa’ 3a6[gdooo0pd device qpa? 3q)
32004g|co[o32005H
200320009 device qpsen
€))] Thermistors
) Resistance temperature detectors (RTDs) §§
@) Integrated circuit (IC) temperature sensors o3[g®a0p5u
Sensor 309808 agiGedenod(current)  [godognsaopdsadl  agibodedeans(resistance)
[g8e0l 20pdn B398l agodedlanoopd sap(heat)elopE 0o§Bemos00:c0d 6[gpEscd8Ea00N self-
heating [g620p507 algpep§oopd
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Bimetal
ocoeBiadieoon temperature sensor 20pS bimetallic sensor [g®a0pSi saodeslodeadyé
bimetal o7 edleapdaopdi cogogrscod(metal strip)sd9od oodox:onpd:s [gbesesmE [gopd

000200051 06UGE0S (Welding) codzaopdi

oqodfgsssS: eoppBoopd(different coefficient of expansion) cogpgpicad(metal strip)
$6903 ogeqiud saadigjoonieanelopé 20§ [§Eei05ee8l codode0dad cagiaga: copd
aBBeogioxgt:od =oefgde) control system gp:opE modulating $p5: a3ewpod  two-position
R Y e

Two-position electric control ogE spiral bimetal gpso?  =a0ddgfo300p51 Mercury
00p5ao0:000% small glass switch o3 spiral sacouS0pE 0obeo€aondGs spiral 32[gEonadope bimetal
o3 ondeofoonoopdt oS  elgplicdfglielopE  spiral 20pd o mo[gti(wind) 9Jeupod
elgeaqpgCs(unwind) [gdedlom mercury switch 2005 agi6educdeus{gpdeolgEs(make the circuit)
a300pod godeomadeofges(break the circuit)od [geooopdn

d
Movement When Heated | / Metal A
[ | Bonded at
o [ | temperature T,
R Low f ™\ Metal 8
U Expansion
\ .
v Material Metal A
'
‘\ \\ ‘\ At temperature
A High &
) | [~ Expansion Metal B {CT)'E {?:jl )
1l Material W= (C)g
IR
r(_.
Fixed End

{) 9-9G Expansion thermometry bimetallic temperature sensor
oGSl 008303 8EQAD[GE eudlyes 320305 small glass switch o pg§[god(indicating
pointer)g¢ §odsood 00280001 F0§ipE ondeoCoonoopd thermostat gp:od powdsagd
60R[gE8E20p5m 9Be205 mercury 205 s2886008e06006[03pE 2003[gjoogo0pd

I Mounting Cli .
Spiral Bimetal g &P End position changes
N N with
Glass Tube /7 temperature
{/
[ .
Mercury Bubble Splral
Connecting Wires
Q 9-0§) Mercury switch Q g-o@ Bimetallic spiral shape
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9.6. J Thermocouple

RTDs o} =00dgq$ oooenqpoopd 3adlgpiop Thermocouple gp:od 3208go30005
Thermocouple gpzoopd hostile 986005 remote environment gpogE 32%dgg$ 0&enqHoopd
Thermocouple gpoopS “Seebeck effect” o3 spaddg) 220§ (temperature)od o3E:om[gE:
562005

Thermocouple qp:oopd a§jp3a02: woppBaopd cogy|(dissimilar metal)s&§0d junction
[gd  edlob0omeomeoPé  I]eSe[pE:cdagi€  electromagnetic  force  (voltage)copSs
e[gp&cda0pdi Iron wire $& constantan wire 0303 junction 33gd @dlC:0b00:00p5m8] Grooo
:205$ (ambient temperature)oooS 100°F [g€a0pbsadl 3 milli-volts coodeozaopdi

s:;o;}:qp:oaé thermocouple material gp:g> platinum-rhodium (Type S or R) 1 chromel-
alumel (Type K) copper-constantan (Type T) $C iron-constantan (Type J) o3g6f0300001
Thermocouple 93:002:2005 handheld instrument gp:ogé +0.5°F ¢ *5°F oBogq(accuracy)

q§$Ea0a5

£
60
K

2 /
S 40
=

20

0 1000°F 2000°F

Temperature °F
c;) 9-0q Thermocouples E and K characteristics

Thermocouple gpsoopd egpgs:§joonoopdn sagudssoneancodfgls $C steady-state of
oqE[a$en eepad8E[ge: odelopE hand-held temperature sensor qp:apE sagp:ad: 32034qgo30005
HVAC application qp:og€ 30098 scg§[gen:oond  boiler $& flue cBopE saaddy) [p300p5
cuooyEigé accuracy comE{da §qf: cgudoneamaelopE sadigpioogdn Table 4-1 ogE
thermocouple &l sazomgod(advantage)qp: $& sa0:5p5:qi05(disadvantage)qp:od eodlgaonzoopdi

e2200503¢ thermocouple &1 measuring circuit o3 eoblgaon:oopdn

Termocouple Extension Instrument
_ Wires
+
- ]+
< o n-
[ | 4
Measuring Connection Reference
Junction Head Junction

¢ 9-0o Typical thermocouple and extension leads
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Junction 3 Junction 4

V=0.(T|-T2)

Junction 2
T,

Metal B &

Q 9-o Practical thermocouple circuit

Junction 1
I

AVpp= a(T1— Ty)

AVyp 2090 §p ©0paopd cogisddEel IppqSop(griged AT clopElgdediamoogd &aas(volt)
oo[gr2qi05 [g&20p5 a 2005 0352600008332 0d9(gda0N

Transmitter 205 =p§Se[plicduelopé  [gdedleon  agGodedmza:(resistance)
e[p&:cdqa? linear signal 33(gdad e[gpCscdeosoopdi Digital control system qpsop€ software
qp:od 3200qge] look-up table o3[o300¢] agEodedsms(resistance)od o3E0nG: 0 Se[gpCicdy
00§8:03 eed[g§Caopdi Boupod thermistor manufacturer gp: 9300pod lab gpson Go:a0Rd
exponents $& coefficients qp:od 32034g|q) exponential equation gp: clgqEigEs(solving)gEaopds
aog oot ofScogs

380 gmsomged(advantages)sé  saxsoSiqodgps(disadvantages)o? Table 4-2 o3&
eedlgoonzoopdi
Table 4-2 Thermocouple — Advantages and Disadvantages

Advantages Disadvantages

Self-powered Non-linear

Simple Reference required for accuracy

Rugged Least stable

Fast response Least sensitive

Wide variety Very weak output, millivolts

Wide temperature range Limited accuracy for small variations in temperature
Inexpensive for lower accuracy Sensitive to electrical noise

Wide range of operation Complicated conversion from emf to temperature
Robust

Small size

Accurate for large temperature changes

Thermocouples Instrument
Pl s Py Py E +
< - [ -
L=
— Extension
1+ Wires
Conne_ction Connection
Heads Box

c’} -0 Thermocouples in parallel for average temperature measurement
1-18
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Extension Copper Leads
1+ Wires
0 < Instrument
o9
s -~ g+
3 L]
o) —
E o -
@ ¢<::
=
[ o
Connection Connection
Heads Box

¢ 9-Jo Two thermocouples used to measure temperature difference

9.6.p Thermistors

Thermistor gp:o0pS  semiconductor compound gp:  [g6[0300p51  220§§[gE0005gE
Thermistor &1 cq60ded3:(resistance) oyjeofsogneoopdi 20qS 5p5:cAd 6[PEglg agded
9d3s(resistance) 0o$3sqpign algprdo0pdi

g
A\
A

R?T

0 32 77 105 122 212
Temperature °F

¢ 9-JJ Thermistor characteristic
O(p-JJ)ogE 220§8 77°F opElgbediesonpd agibodedsan(resistance) sadj(ratio)o? Y-
axis o3& @edlgaon:aopdi Resistance-temperature curve &l characteristic 2005 qj:e[§pE3203E:
(non-linear) [gbecscor
Thermistor qpsel accuracy 00p5 +0.5°F 9§ [§®00pbn +0.2°F 3208 comEiezantaopds
[g0968E 0005 Sensitivity sacgSeomEa00bn 0obsp5:emdgE 20 e(p:cdgad ag€lgSga(fast)
030303j0q038E (detailed response)aopd

2§§lopaonoodsCany thermistor ©odopoopd 30§850088:  ogdodg(drift)  §oopd
3205000000 §aopd 00&8s(true value)sC thermistor 0050p000d 200 §$0083: ognfgpiongo? drift
[§820p507 e[grecp§oopdi Befopé elogpemn calibration codeu:gS c3oopd

(§)503003E: 0.05°F o0 sagpsads drift [g9o0pd thermistor gqp:od eqrgs: §joooglgé
0uS0p g8E0R5

1-19



HVAC Control and Building Automation Systems eomio0dp3§,

Insulated junction I.J Bonded junction B.J Exposed junction E.J
standard optional optional

=)

@ 9-J? Mineral insulated thermocouples

i

40
35
C==E>Leads 30
. g
Bond Type ? -
c
Washer Type g 20
15
1 10
5
Leads
A % (lJ '210'410'510'80 100
—X&DISCT € Leads M temperature ("C)
{) 9-Jg Variations in thermistor sensor packaging Thermistor resistance versus
temperature is highly non-linear and
usually has a negative slope.

Thermistor gp:o0pd 220803 c30dq) agdodede: algpl:cdoopd thermal resistor qps
[§8/0300p51 Thermistor gpzaopS negative temperature coefficient §aopd resistor qpegdfoz00251
2oq[gCenecy thermistor el agdodedsas(resistance) oqjeolzagniecofgdoopd

Table 4-2 Thermistor — Advantages and Disadvantages
30:000gj0d4pe (Advantages) 35p0qi004p: (Disadvantages)
High resistance change Non-linear
Fast response Fragile
Two-wire measurement Current source required

Q.G.c; Resistance Temperature Detectors (RTDs)
Resistance Temperature Detectors (RTDs)oop_S sooésqp:oa&s temperature sensor oo&?m:

[§620051 oop5[86[gE:(stable) cBoggs(accuracy) $¢ eqpgSaqom[gts odelopE RTD o3 analog
electronic $& digital control system $&§jgoad:03€ saadsqP:0001

RTD o3 0@ [gipSoonaopdi 82p§§a0pd aBoogriopt [gdedaopd agibodedsan:
(resistance)s¢ qdselgpEaaadEs(linear) elgpiades00001

Q(g- J9) sooi):qp:oaé oagglsaé’m:s;m:qp:cp platinum 1 copper-nickel 1 copper 1 tungsten

$C nickel-iron alloys o3fgboopdn RTD gpsopl sfsadoonsoopd cogoqiCod 32034q conso0pdi
Recalibration [giop6q§ ecsabaor
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0°C og¢ standard platinum RTDs cq0od9dsas(resistance)onsd:o00b 100 ohms
[§600051 q00dessmispSso0pd(low resistance) RTDs gpzoopd dlom(o3eelope [gded conaogh
0q00d9d3s(resistance)odcopd: copdopionqs cBaopdi dom(dBeeloE [goedl cnaopd agided
9d3s(resistance)od cagpsodicoqs three-wire 98ewrad four-wire circuit 03 32035gI8E2005

RTD Insulated Leads

Lead Seal RTD i
j Probe Sheath Packed in MgO RTD Sensing

Element
Subassembly

LA

Thermowell
Spring Loaded
Mounting Fitting
) Removable
, Terminal Retainer
Connection Block
Head
(;) 9-J9 Typical RTD and thermowell construction
8
7 \
1\
5
\../Thermistor

Ry

— 4

HT?
3

RTD

2 —
1
0 32 77 105 122 212

Temperature °F
@ 9-0§) Thermistor and RTD resistance change with temperature

Platinum RTD gps20p5 100 ohms o€ +1.0°F accuracy q§§Eoopdn ao§eCoosaopd (high
purity) platinum sensor qpseil accuracy 20p5 +0.02°F (92005

Thin-film platinum RTD &l cq00d9é3a0s(reference resistance) 2005 1,000 ohms 52001
eqrgS:§oon[B accuracy comEsglielops wesmg§ord electronic $E digital control system
qpogE RTDs 03 codocochonde thermistor qpscood Je) saaddgjaon(ogo0pS

Thin-film RTDs & accuracy 20p5 calibration point 32§:03€ +0.5°F o +1.0°F [gdoogd
Platinum 2og|el 83080009j0500d9en drift [48[gS: 3a0R8e00:00001 sdsadgodyp: (advantages)
$C 300:5p0:q/05gps(disadvantages) RTD gpzo? Table 4-3 03¢ cwb{goonzoopd
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Table 4-3 RTD — Advantages and Disadvantages

Advantages Disadvantages

Most stable Expensive

Most accurate Current source required

Most linear Bulky in size and fragile

Good sensitivity Slow thermal response time due to bulk
Uses standard copper wire Self heating problems

Copper RTD’s minimise thermocouple effect More susceptible to electrical noise
Interchangeable More expensive to test and diagnose

Transmitter 2038: § electronic circuit 20pS RTD ¢o 0godaod signal o3 DDC o
005988005 signal sofgdBeepodesmE amplifie cpd[gl:s $& conditions cvd[gE:ad [gpd
G020

Output

F N

Thermocouple

Y

Temperature
Q 9-Jq Thermistor versus RTD's versus Thermocouples

RTD connection to a Wheatstone Bridge:
- Two-wire
- Three-wire
- Four-wire
Two-wire measurement
Aom[esdeqpts o3 =0 RTD [9¢ 220§§0BC:0m[gE:0000 soefgdzaoyjedsspds
[§620051 §:qEscgudmn(Be egps$igoon00pdn Beadd accuracy veomEseon doml3selope [gdedl
0200 resistance 03 cloE 20 $2005 true value c0a53[ESE0R0

Three-wire measurement:

Three-wire measurement RTD device qpsoopd bridge @i lead wires o3¢ [gdedl esa005
resistance gp:0? c80dp3e0:00p01 Two-wire device 03 32505:c0b [g[gEaonigleam [go0p5n Lead
wire oodegpE00pS bridge circuit &l 3560 3E:008005(top half)od 03E:q) oyj$ wire oodegpEsaood
63200538 0068005 (bottom half)o? 03E:ewz000d
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. hermetic R, A
ceramic powder protective sheath seal N

| ~. 4
# [ \l / RL B‘\
~ [ ¢
( I/I‘IIIII o 4 current
|

 A— :
k\ ’l \\ external ; Vv, T source
T Rx

7 A AY leads v
7 \ :
Platinum element internal ceramic
lead insulator R, )

wires AVAYA
¢ 9-Jo 3-Wire RTD Configuration for a Digital System

Four-wire measurement - Switched:

three-wire measurement o3¢ lead resistance $69 vop38EeomaeopE =2

One of the limitations with the three-wire measurement, is that if the lead resistance
is not the same or suffer different effects, then the measurement will be erroneous.
The Four-wire measurement takes both sensing leads into account and alternates the
leads into the upper part of the bridge.

By alternating, the lead resistance is effectively measured in both sensing leads, but
is then cancelled out by taking the average of the two readings. This level of
complexity does make four-wire sensing more expensive.

Four-wire measurement - Constant Current:
Four-wire [§¢o3&{gE:oopd lead resistance clopEgdeoon error [gooongno? constant current

elgqt:qf 260mEiadisd: [gBoopdn 38mmeelopEiaopd wire elopElgbeosn voltage drop
[020p51 clumsdegptsaopd excitation power o 2005eeEG: [gbedlcnoopd voltage o

o$lomn sdegpEige 03E:0ra0pd

L1

- M

R1
RT
Eo
—_‘_;ES o O » AN\ __,__ES
L2
R2 R3
c? -t 2-wire Wheatstone bridge circuit circuit <[> 9-00 3-wire circuit

Shown is a 2-wire RTD connected to a typical Wheatstone bridge circuit.

Es is the supply voltage;

Eo is the output voltage;

R1, R2, and R3 are fixed resistors; and

RT is the RTD. In this uncompensated circuit, lead resistance L1 and L2 add directly to RT.
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In this circuit there are three leads coming from the RTD instead of two. L1 and L3 carry the
measuring current while L2 acts only as a potential lead. No current flows through it while the
bridge is in balance. Since L1 and L3 are in separate arms of the bridge, resistance is canceled.
This circuit assumes high impedance at Eo and close matching of resistance between wires L2
and L3. TEMPCO matches RTD leads within 5%. As a rule of thumb, 3 wire circuits can handle
wire runs up to 100 feet.

L1WI'

L2
8ls Eo ;I RT

L3
MA

4
‘W'\;L

c;) 9-00 4-wire circuit

—0 O

4-wire RTD circuit qpza0pb resistances eo30503[g€:(mismatch)o? elgeqpodeodaopdi

A common version is the constant current circuit shown here. Is drives a precise measuring
current through L1 and L4; L2 and L3 measure the voltage drop across the RTD element. Eo
must have high impedance to prevent current flow in the potential leads. 4-wire circuits may
be usable over a longer distance than 3-wire, but you should consider using a transmitter in
electrically noisy environments.

'\).G.g Integrated Circuit Temperature Sensors

Integrated Circuit (IC) sensor qp:cy% current source device gz §§ voltage source device
qp: :2[g0 $8Gjpd: §$E20p50n Semiconductor junction diode gps&i current-voltage characteristics
o3 226[gde) opdSeaonndoomoopdi Current-voltage 2005 3204 (temperature)sé el 32038
s0050300g)05 (linear relationship) §aopdi

IC sensors & oahoogBqpien (Properties)

() eapgSaqoongS: (relatively cheap)

(9) 320§ -50 °C © 150 °C 32038000 03E:8E[GEx(limited temperature range)

(0) o3oguS[gés(relatively fragile) $& [o3pqpdad:ag€ stability pdqiEgEs(poor stability over time)
() [g€0e agq6edenodams: cuqs c33a0[gEs(require an external power supply)

(c) BAS 03¢ 03:q8 wo0Caagpge: (not quite suitable for BAS application) o3gaopdi
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Voltage

s % s

S

(;: -°J 4.3: IC sensor output types

IC sensor output types:

(o) Voltage output

(®) Current output - minimum sensed temperature
(o) Current output - average sensed temperature

Linear Diodes

Table 4-4 Linear Diodes — Advantages and Disadvantages

Advantages Disadvantages

Most linear Use up to 330°F

Inexpensive Power supply required, Slow, Self-heating, Limited
configurations

Semiconductor diode $C transistor qpeg¢ oopSeemndoooopd Integrated circuit (IC)
temperature sensor qpzo? solid-state temperature sensor 3005 linear diode opgjeopds caleny

§oopdi

Solid-state sensor qpseil oodfepegiod(advantage)en calibration coogs ado oceadfge:
[§620p5n Table 4-4 0p€ Solid-state sensor qpsel s3:000i05gp(advantages) $¢ 320:500:q05qps
(disadvantages)od cwbgoonzoopdi

c06csé aofengpoopd sensor sa§jmeon: 6geqd[gl:oopd Bignieasaq ogadefgndndy
(economics) cBogq(accuracy) $¢ 2§803p20p003¢ Bodgiqq(long-term reliability) o3gdo0p5

Sensor characteristics qpzo3 Table 4-5 03¢ 325890 cedlgaonzoopdi

Table 4-5 Temperature Sensors Comparison

Type Primary Use Advantages Disadvantages Response Time
Portable units Inexpensive Slow to fast
. Very low .
and high Self-powered depending
Thermocouple voltage .
temperature use for average fout on wire
o outpu
< 5,000 F accuracy P gauge
High sensitivity Very large Non-linear
Thermistor General use resistance Fragile Fast
< 300°F change Self-heating
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Long for coil
Very accurate . .
General purpose Relatively Medium/ fast
RTD R Interchangeable . .
<1,400F expensive for foil Short for
Very stable A
thin film
Integrated circuit | General purpose Linear output Not rugged Medium /
<400°F Relatively limited selection Fast
inexpensive
9.6.6 Summary of temperature sensors
Sensor type Primary use Advantages Disadvantages
RTD Very accurate, . .
General purpose water, tabl Relatively expensive, not
stable, -
air, steam ] very sensitive
interchangeable
Thermistor High sensitivity Very sensitive Nonlinear, fragile, prone to
applications, chilled self-heating
water metering
Thermocouple | High temperature Inexpensive, rugged, | Not very sensitive, low
applications, boilers, self-powered voltage output
stack gas
IC sensor General purpose, low Very linear, high o
o ] ] Not very rugged, limited
temperature applications | output, inexpensive ) ] .
o physical configurations
(<200°C)
\Y R
ry r 3
o RTD
o Thermacouple 2
=) ©
£ -
o
Temperature " T Temperature T
\
or F 3 A
I
Thermistor
)]
= e
° g IC Sensor 2
[@) R 7]
g5 2
>o @]
» T » T
Temperature Temperature

(? 9-09 Characteristics of Thermocouples, RTD’s IC and Thermistor Temperature Sensors
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Q.G.q Temperature Sensor’s Measuring Errors
Table 8.8 03¢ temperature sensor gp:0d  30%g[gtieloPs  [§Oed §Ea00
Fezgps(Measuring errors) 036e5[gaon:opdi
Random Errors
(o) Imprecision of readings
() Time and spatial variations
Systematic Errors

(o) Insertion errors, heating or cooling of junctions
(o) Conduction errors
(®) Radiation errors
(o) Recovery errors

() Effects of plugs and extension wires
(o) Nonisothermal connections
(®) Loading errors

() Ignorance of materials or material changes during measurements
(on) Aging following calibration
(®) Annealing effects
(o) Cold work hardening

(G) Ground loops

(§) Magnetic field effects

(©) Galvanic error

(q) Reference junction inaccuracies

9-Q Moisture Sensors

e0deg gps(gases) a30wod ero oBogd dlofesaopd GqEg 0edM(Moisture content)o?
$ad&seo(humidity)op celoopbn §adEseo(humidity)o? Relative humidityr Absolute humidity $C
Dew point o3¢ 0ode0é ce[g8Eaodi

daBC:e0(Humidity)o3 o3€:0008E2000  spdsopoogps(technologies) $E&  $pS:c06sgpagd
§oopdn 633005038 3200:qp200pd G3E:0m05p5sPi03 GEdgoosopdH

Relative Humidity Absolute Humidity Dew Point Measurement
-Mechanical -Gravimetry - Chilled mirror

-Wet and dry bulb -Electrolysis - Lithium chloride
-Surface resistivity devices | - Infrared - Wet bulb thermometer

-Crystal frequency change | - Conductivity

- Capacitance

- Colour change

- Karl Fischer titration
- RF power absorption

- Neutron reflection
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- Heat of absorption or desorption
- Nuclear magnetic resonance

9-Q-0 Humidity Sensors

Air conditioning coSc§sg€ogé 8c3E:e0 03E:0m[gE:(humidity measurement)aopd sacgé
:6qE0300pd coodeogopl drift [98[gE: $& contamination [g[gE: ©a0pd [gooosogp: [o3ecy
§E20p5

603§ eqeg doe(moisture content)elopé ©00EsE SEgS(nylon) film 032005
so§0god(expansion) conoopdi Bodqeaopd $p5gdG: contamination [g8[gt:od $8EqSood
a36o05 accuracy pdoopdi

HVAC application qp:og& capacitative polymer film sensor §§ chilled mirror dewpoint
sensor $&§god 3200sqp:oopdi Capacitative polymer film sensor o0pS relative humidity o3

Bo5§0d03E:8Ecomaelopé  sadigpigiydoopdn Sensing element o3 membrane o3eupod
3odlgE(netting filter) $s3p600080005m Low humidities a300pod low temperature coSesaqpsogt

dewpoint o3 sa03307 03E:q§ B=ab20p5

9:Q-O Relative Humidity Sensors
HVAC system gpsogE 8odC:eo(humidity measurement)od o3E:q§ 320305 00pd[Gd
(stable) Bogj(Accurate)Gs Gqeg$iqoon00pd 0B§ox a0gSepzoopdi

ASHRAE Standard 62.1 Ventilation for Acceptable Indoor Air Quality [Ggp§eqo5 229
2:00$:32038: odC:e0(relative humidity levels)o? 65% c300503E 038:00:q% 822620001

Solid-state technology o3:0005congae(opé accuracy SeomEsamn ¢aodaopds Bodgje0pd
accuracy qq$ Relative Humidity sensor gqp:oB & cB8:038:aqp: [gopSe$sE calibration cobes
832600051 Belopé 88&:50qp:00pS eqrgss Boge 5 [g[gEBE:38:0 020050303 §Ssoq)
HVAC control system qpso? 8&&:c0668 a3005i

Humidity 0§3:q§q$ relative humidity 1 dew-point temperature $& wet-bulb temperature
03000650& 0905098E20001 Relative humidity 03 3agp:adi03E:om eap§oopdi adonsd:od:qfraopd
0b95C b ;[gSsacps s00dodes[goopd 0od§EdEed dry-bulb temperature s0§$5$E
08GEs0503E:008EqE 0850 §el 0088:03 q¥Co0pdi  Barometric pressure o3 c30dq)
00§ 8sqpie[gpEiadeseamnelopt Bamse|gpEigad ao3gigEadoopds
Relative Humidity (RH):

Humidity sensor qpsoopd hygroscopic material 03 32034q|q] [gjcpO0o:00p51 Hygroscopic
material gp:&  cpcopd(dimension)aopd  8odCseo(humidity)od  c8ode]  elgpCidesoopd
0065p5:304gE hygroscopic material qpsoopd 6rcSe 6qEEO3 POV Ya[gElgdaopd
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B§eSegaagEyps(animal hair) codoms(wood) $& 3Eonqd sa§jedje(various fabrics)
032005 hygroscopic material qps [g8[0300p51 cBogobiqp:a? portable sensor qpogE sagpiads
32004 [0300p51 Accuracy 20p5 £5% relative humidity cood Sqpecp§oopdi

9:Q-J Resistance-type humidity sensors

Absorption and release Resistance-type humidity sensor qpsogé
¥ ¥ of moisture content hygroscopic material 820%[g| 020000

l’ f'
~ b

Electrode

Hygroscopic  materialsqp:ch S0d
Polymeric membrane Yg P . Qﬂ)_ 9
9d3s(electrical resistance)20pd

v, wl'-. S K " 8B&:eo(humidity)od 3odq) egplacd

‘ ' ‘ (porous metal | ic membrane) G:§ooéu

Principle of polymeric
membrane humidity sensor

‘? 9-9G Polymer resistance humidity sensor

9-Q- Capacitance-Type Humidity Sensors

Thin Film Humidity Sensor

* Polymer absorbs water <, Aluminum Base

* Deposited on conducting . Polymer
grid, and insulating base
ch ‘ "~ Gold
. anges resistance or
capacitance
* Accurate +/- 3% RH

¢ Must watch calibration &
contamination

Q 9-9§) 4-19 Thin-film Sensor Example (Hegberg, 2001)

Capacitance-type humidity sensor gp:o? 063a§s§fgC §8E0p51 Hygroscopic material
qp:ei electrical capacitance 2005 8c3Ess0 (humidity)o? c8o5¢) elgpE:cdesoopdi O(p-p8))ogE
[goons00pd903E: 3a0gs Skagoaopd aluminum oxide 1 polymer $& gold o3sé [giapdaonzoopdi
Aluminum $¢ gold o320p5 capacitor i plate qps 33[g® 00p5§a05

Capacitance oap_S aluminum oxide layer 3a00¢ o?f)uaooozowo cqeg(water vapor)
0enmeil0gE ¢ooode) e[pEicdesoodi sacgsdkoopd egeaag(very thin layer of gold)ogé
eqeg(water vapor) oSop[gs [gSoood[gls [9becloopdn Jason-type hygrometer opcopSs
ol 6§ oopdi 85% relative humidity s203E:03E:091€ accuracy sacg$eomEsapdi a09SqP:aopd
$adEseoaopdeco(higher humidity air)adogé 3203ggi0qi¢ qod8:8Ea0p5 +5% RH accuracy ¢
+1% rh 35a8eomE:0pd RH sensor gp: §8€a0p01 03 +1% rh accuracy o€ hysteresis $&
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calibration uncertainty 03 Joaopbi doSssC 0obsdagE 1% ¢ 3%RH of drift [§B8E
Gooe[opE 99:008[036 Ges calibration crdes 836005

9:Q:G Lithium Chloride Dew-point Sensors:

Dew-point sensor gp:o0pd sacg§cBoy00pd humidity sensor qpsgda0pSi egEo3koopd
Bpmoonsgp: [§0[o300p5m BcdC:eo 03E:da0pbecwsé saturated salt solution (lithium chloride)
adeog8: aB3:0pqo0pd Steady state adeepoda0pdeadl solution & =20p§SsE ecosl dew-point
20803 0pBagniodi sacgSodoyeacdeond:s 0r§[gSe  sacgSesi(slow to  respond)oopdi
ecoad0pe BadE:e0 3acgsspSiaqilow humidity levels) eoBogg(inaccurate) [88Ea0p5n Sensor
accuracy 20p5 +2.5°F 0005 36000001

Light Source Photocells

T \
~ Comparator
Temperature Thermoelectric
Sensor Cooling Unit

& 9-p6 Chilled-mirror Dew-point sensor

9-9-§ Chilled-Mirror Dew-point Sensors:
:0p$Boyoopd dew-point sensor e5005006§jsen chilled-mirror [gdoopSi & (p-p6)oRe
[goomzaopd 3203€: light source 1 two photocells $& s2632:9000:2005 o8 (chilled mirror)o}

Olo€o0pb chamber 3203828 0380005 @Lnd [godao§ieoo0obn Photocell 00692005 light
source ¢ =c0&:008:03 reference 3[gd BEOod WEHSLRFAEON F[Prd9a0pS  photocell

:263:0000:00p008 (chilled  mirror)e  oodsolfg§amaopd  saculion$id  cooSdupoopdi
ad3ac0E:08: 58903 8E:00P[RESE crvel dew-point 20 E03 938200

o8edlopC condensation [§6e0l 20pd38l FacE08:qpro0pd Godsadlgfom: (scatter)
090500200001 a0308l 080 FcEsonsiqpsoopd photocell a4 weepod§eompeon Light level
eaqpspdiogdgioond  condensation  [gb[gl?  codjgaopdi  wSel  qodsn[gEsggS(surface
temperature of the mirror) RTD temperature sensor [9¢ 03&:un[g€dyC condensation oot

[§8ed 0005 205803 qfjoopSi BmgS§0pd B:ofan0pd crvel dew-point S20gS0E [gdaop5

eqr5$dgC[gS:elopé chilled-mirror sensor gp:o3 commercial building gpsop¢ relative
humidity sensor qps 2[96 saadigecedeor
3050009054 ps(advantages)
(0) Dew-point o3 c305§05 03E:om[gCa
Temperature $¢ RH 036 03050p002:0009505: wwpodeol
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() Accuracy £0.4°F 3208 q$&[gE:

(p) 03E:008E2005 range (—20 and 80°F dry bulb) oqud[g§[gc:

Chilled-mirror sensor [g¢ ccoel dew-point 220803 o3E:0po0pd328] wSgEdso[gEediog
contamination  [gded§E0pS  Befopé  Blupepdecood  co§elesnt  od(filter)oonqs
83000001 FpgScBoqoopd  accuracy  Beabo0pdsedl  chilled-mirror  sensor  gpsaopd
:26eonEiadist 3008e0qHedgdoopd

Wall —
Mount

Qutdoor
Dict | e | . Mount
Mount :
Q 9-9qQ Examples of humidity sensors Q 9-9@ Sling psychrometer

9.Q.6 Psychrometers

Psychrometer 20p5 wet-bulb $¢& dry-bulb 320§§03 0305§0503E:09000050049E humidity
o3 oB3EgCdgdo0pdn Wet-bulb $& dry-bulb 220§E0088:03 a8cq€ psychrometric chart ¢oods0&
o$esa0pd erosionhaogdqps(properties of air) sand:od a38Caopdi Commercial building
qpopE psychrometer gps 006808 320d¥{gey ©§eoodcupd: safgpiean humidistat $E relative
humidity sensor qp:o3 calibration co6q§ea0305 2aaddgfo300051

Sling psychrometer gpodcopds 32034g8Ea0pdi Sling psychrometer o3¢ 200880
(thermometer) s&eqpE: dlo€a0obn 009880 (thermometer) oodegp:n? Gegod con:0p5dlgs:
0300705 220090[g¢ vodooEopSI o3ndesa0pde [4OEOESI0305 2008802 (thermometer)
$6eqp&:a?d :wEamspdicadop 6g,.qq0pdl Besnod wet-bulb $& dry-bulb 320§§00§3:03
aqi€lg$g> wobopqoopd Wet-bulb $& Dry-bulb 320§$0083: $6§ge Psychrometric chart o3
32004q|q] RH $& moisture content o3 0g0dup&&aoodi

g,83(swing)oopd :p§$sp0gt: $C¢ 000880 (thermometer)opt  eerdeacHeINE
0Bgod[gtiode(opE 3oy saespbso0pd
Advantages of Psychrometers
()  Physical propertie gp:o? 0305805 o3&:omeamelop recalibration cpdes ecdeor
(®) Indoor environments gp:og€ saadigjnq€ accuracy 236esedicol
(0) wet-bulb 220§§0083: +5% accuracy §§E20p5
(@)  200Seantq§ cadkagudSopoogd
Disadvantages
()  Psychrometric chart o3 o[gbocs =20dgqoopdn Wet-bulb $E Dry-bulb 320§8qp:a?

psychrometric chart eolog€ esepg)(locate)qoopdn Besnod 08009 0o&3:qp:a?
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(®) Duct 3203&:§ 60003 03E:q5005320201
(0) 60053 BodEsens 50009328l (low-relative-humidity) o3€:q8 90532005
(@)  202880m(thermometer) gpse 0083:qps0? vodupoopdeaslogt error gps [gdeol §Ea0pS
(c) Contamination [g6[g€selopE error qp: [gdadl €005
system| _
pressure T
Gauge system
pressure
Local
reference l
pressure - ——————————— L — — — — — -
Standad pbr-———————Fp—————-— Absolute
atmospheric system
pressure pressure
101.325 kPa abs.
14.696 psia Absolute
760 mm Hg abs. reference
29.92 in Hg abs. pressure
Perfect
vacuum
Q 9-9 Relative pressure scales.
P
///// h\ Motion
[t
I \
\ =1 || =
P> — P2 — } —f—
pl pl Ir ,1' j pz
e ——
Motion Motion
P
¢ 9-Go C-shaped Bourdon tube Bellows Diaphragm
—| L= P1
— —— ——— Do
P, ] — p,
—E——
Motion ———
Motion
Corrugated diaphragm Capsule

Q 9-Go Elastic elements used as pressure sensors.
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?.9 Pressure Sensors

Baans(pressure) oedanod a[Gooss dsmioo[geg(differential pressure)gé o3E:eap§oopd
Fluid $6§ ool Bsomsoplegpg o3ewpod fluid oob§el 8son: $C reference pressure odel
[go257:910503 SBE:0p[g: [gBa0pdn

@ooad3ms(atmospheric pressure)od reference pressure 22(g62005005(8: 03E:09q2005
8222203 gauge pressure vp 2005905 Glgpadenp§oopdi Gauge pressure 8320pSen pipe 03C:q @4
a300pod duct 320985 eco(fluid)el Bsanisé eroopdams(atmospheric pressure) o3el ofgpaqiod
o088z [gdoopdi Fluid ood§jeel absolute pressure e3o0pd¢n gauge pressure $¢ Gooopdsans
(atmospheric pressure) 03eAIEs) §aopd0§8: [960pSI 0ELLSEaYED§[IEY G830
(atmospheric pressure)opd 14.7 pounds per square inch (620051

eq3a3:(water pressure)od pounds per square inch(PSI) o8wopod KPa [9& 03E:ecy
§oopdn psig o3 gauge pressure | psia o3 absolute pressure 1 psi o3 differential pressure
6003033 gE 200500560R§ 00!

ecodaas(air pressures)o? inches of water gauge 936005 water column (g€ 03E:0200051 One
inch H20 2005 0.036 psi $& p8gjoopdu

Gooopdaan:(Atmospheric Pressure)
ool  eagodsogE(sea level)edlod oooSeepadesoopd 8sas  (theoretical standard
barometric pressure)o? SI opsd $& IP 056 o3[gE cedlgoonzaodi
Torr kPa Inch of Hg M Bar Psia Psig
760 101.4 29.92 1000 14.696 0.0
psig = psi &1 6§20503¢ g [3& eedlgag€ “Guage Pressure” [gdoopSi (positive pressure)
psia = psi &1 65705038 a [9€ ewd[gagiC “Absolute Pressure” [gdoopSi (positive pressure)
psiv = psi &l 65005038 v [9€ esdlgagi€ “Vacuum Pressure” [gdoopdi (negative pressure)

psi vpeedlgagC “Differential pressure” [g92000n (positive or negative pressure)
Pabs=Patm+Pg
Paps = Paym — Pyac

Differential pressure 2005 fluid $6§jgen 3za0:070apg0d Bewpod reference pressure $&
0380005 pressure o3l 8sogepiod [gdopdi

Pressure sensor gp:og¢ diaphragm o3ewod bellow ©20pd[gE 330:03 03E:0008E2000
saep(force summing element) dlo€oopdn smelopé [gdedanoopd 392203 ©0§b(spring)

aJewnod  oofgpseom  elastic  structure  ood§p§iEgE  IPEsopfgts (900N odspSizandyC
Bsonelopé [gbedleom displacement o3 electrical quantity 33[gd e[gpEacd[G: 03E:0m esd[yfgc:

[g2005

Pressure sensor o3 egegodoopdaagodyps(selection criteria)ed temperature sensor gp:o?
6geq|da0pd FqIodgPiSE 0poopd
sao?:qp:eoao pressure transducers soc?m:s;m: (g)éﬁl:(],o
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A

e
7]
E d

——

| —

Insulated
standoffs

\\ . N )/

Diaphragm

Pressure ||
Bellows

] Capacitor
/| Plates

Pressure
Port

<°g °°GJ Capacitive pressure transducer

eomio0dp3§,

Coil Ly

Diaphragm
Coil L

("g 2°G? Inductive pressure transducer

Strain Gauge
g Flexible Beam Pressure Port

\ | Force
Summing
/ Member

7 (
Temp. Compensating —’\,
Gauge
/ / Output
[ Crystal Voltage
Bellows
Pressure oy _—

¢ 9-GG Strain gauge pressure transducer

(0)

)

)

()

(9)
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Piezo-Electric Transducer

("g °G9 Piezoelectric pressure transducer

Capacitive pressure transducers

Capacitor o3 plate $&9[g€onpbesmnndoonsaopdn BsomelopE plate $8961 sr0zzRGO:
e[pEicdgad 03Eopoopdn Capacitance o0pS oscillator circuit el 32805323E:{gdaopd
capacitance e[gpE:cdaeloppé oscillator frequency  e[gpE:ado005n Oscillator - frequency
e[gp&cg0’ Bgeg Bzmie[gpCacdygod 238Ea0pd

Inductive pressure transducers

Inductive type pressure transducers o3¢ coil $&9 clooopdi primary coil 03 ac eoodeas
cosq) induced voltages elopElgdbeclamnaopd saeg(displacement)od  o3E:00gdgE
8100§:0% 388800

Strain gauge pressure transducers

The deformation of a piece of wire subjected to force due to pressure along its length
causes a change in wire diameter and hence the wire resistance. Resistance changes

are then measured by a suitable bridge circuit.

Piezoelectric transducers

These use materials whose electrical characteristics change when they are deformed

under pressure, e.g. crystalline quartz exhibits a change in resistance when subjected to
pressure (piezoresistive)

Potentiometric transducers

These consist of a 3-terminal resistor with adjustable centre connection in the form of a
wiper. The wiper moves as a result of force due to pressure, and hence pressure
measurement is related to the position of the wiper measured as a resistance.
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9-©-0 Summary of pressure sensors for BAS applications

Sensor type Primary use Advantage Disadvantage

Capacitive low-pressure air; duct Cheap Complex signal conditioning
static or filter
differential pressure

Inductive Low pressure Rugged Expensive, temp

compensation difficult

Strain gauge

High pressure, chilled Linear output Low output signal
water, steam

Piezoelectric Fluctuating pressures, Wide pressure Difficult to calibrate
sound, mech. vibration | range
Potentiometric | General purpose Cheap, high Low accuracy, large size,
output physical wear reduces life
Wiper
or movable
I contact
_ e e
Displacement __ -
-
L / W
VTN
/I ()"’Iejt(ulilffﬁflfi{fl 1
III w
l\“— Moveable arm of 2

pressure element

R1

Bridge T R, ] .
power — | W
1

2

supply

Measurement
proportional to
pressure

Resistance-measuring —
bridge circuit

<°3 9-9@ Potentiometric pressure transducers

9-9-J Mechanical Pressure Gauges:

O(p-G6)¢ eudgoonoopd pressure gauge gp:ogé Bourdon tube o3 sensing element
:[gd soadigjoonzoopdi Bourdon tube 2005 a860060n503E Boboonoopd spiral tube [gdoopS
B[gr200000503E  03E:c32000 B30z 200SeEPoSEo0RdN Grocpdaaia? atmospheric pressure
reference s3[gd 2005600500051 03E:c820p5 Bsazowdangpicnagi€ Bourdon tube 20pS 080905
efgpEonsiancddopdi eenliod(linkage) $¢ Boon(gear)o oodeol oR&[god(indicating pointer)o?

eg,0qp:e0a0p51 Bourdon and spiral tube o3 water system gpzoan saadigjor00p5
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Bourdon
Tube
N
~ N
N
N
N
=
&
’
’ 7/
’ /
/
<« Calibration
Link
Pressure or
Vacuum
Connection

\/35%

Q 9-GqQ 4-22 Bourdon Tube Pressure Sensor

Bourdon
tube

Mechanical
linkage

Open =
to applied
pressure 1
Applied
pressure

Q 9-G® 4-22 Bourdon tube pressure gauge.

099 Diaphragm sensor

O(p-Ge )ogE [goomoopd diaphragm sensor o0pS chamber $69dloEG: flexible wall
a3000d diaphragm [g& 3&dgrzoon:000b Gagnoopd ooBdgps(thin steel sheet)o? diaphragm
2[gd sp0digjooneomelopé Gooscodoopd Bamse(pindeypin’d a38Eaopdi Fabric gpsadcopds
diaphragm =2[g® 320040320051 683302 dCVEdLEN 3OEPOYE 00G303 GaoscLdaR)
8222203 03E:8E20051 Baans(psi) epediCsgpign gpsaopd Bsmsgpiadcopds o3E:§Eaopdi Beadd
pressure gauge qps 330:03:03C 00§00050022000 pressure range qps §0300p51 Pressure range
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QPG sensitivity cagpspSsaonerolgdoopdi Diaphragm pressure gauge gp:od water $C air
system qpzopE 3aad4go30005

To Amplifying Linkage

Spring A
Diaphragm

Y
Low E; e
Pressure Taps M)
High |;‘

Q 2GR 4-23 Diaphragm Pressure Sensor

p
/ Dead volume, ¥V
Resistance _| [
strain gauges - Diaphragm
Signal
condition_ing
Lead | #| electronics

wires —<=—~CExcitation voltage in
Electrical signal out

(b) Bridge-strain gauge circuit
for pressure diaphragms.

3 b:
3 =z
5 >
1 Preference

Q 9-§0 Diaphragm pressure transducer

82203 038:a0pd mechanical device gpesaiadiod transmitter $& o3¢] 3203qQS 3000
transmitter 20p5 83a:e[gpCscdagp:a? singal qps3algd cocdeo:aoRdi

' L
Pz P ‘ X —egi—
—
~— R, — E,
—\VWWWWWWA——
RL

|

[l

El

c? §° xx2 Potentiometer pressure transducer.

Pressure sensor ¢ electrical output 000560:8E2003 transducer a%:§jsqoopdi

9-9.G Potentiometer
potentiometer 00pS sa§eqlsadicomn device [gdoopdn & xx2 oE(coil)ondesE slider
069[g¢  0opdesonodaonioopdi  Slider 20pS  oE(coil)  odeagpodop  eg aqp:8Eaodi
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B (coiedl§ slider esepelplicdgod  transmitter o> B§Ge  B3:00§830[gd  o[gpiq)
eedlgeosaopdi Potentiometric qpzoopd egroocdameasdeopds accuracy §6a0051

9:9.§) Electrical Pressure Guages:

Piezoelectric pressure sensor ¢ c3¢] o3$ pressure sensor gp: 803030005 33
00§8:qp:0d 2080056[god 03E:0n(measure continuous)oopdi Piezoelectric pressure sensor 8oz
e[gpcdgelopé [goeil 2003 strain elgpCad[gt:od o3E:ome) output signal 33[gd coodeuzaodi

Baoeplicdo0pd  Fedloomn  oBE:omoopdn  00dspdimndyC  elgpCicdylgded vom
832:00§8:3000603 update o505

9.9. 6 Capacitance pressure detector
Capacitive pressure measurement $00:00p5 diaphragm eg oaqpzg e[gp&cd[géseopé

[g6e0l cono0pd  capacitance a[gpE:cdgod  oBE:0po0pd5pd gboopdn Sensor 8200508326005
6232803 high frequency oscillator oupoopdi pressure changes 83 6[gpEscdqe(opE diaphragm

& 65epe|gpEiada0p5n BejgpE:adqaa’d bridge circuit ¢ capacitance [gEo3E:ara05i

Capacitive Pressure Transmitter Inductive Pressure Transducer
* Change in bellows position « LVDT: Linear Variable Differential
coupled to two capacitor Transformer
plates
Positive Pressure .
l Diaphragm Output Voltage Diaphragm
/ Ferrite Core \
—\
/ - Insulator N
4% /fl VW[V
/b Reference Pressure AC EI(citeVIVoItage
¢ -9 Capacitive sensor ¢ 9-§) Inductive sensor

Capacitance sensor o3 &(p-6)ogE eedlgoon:aopli  Capacitor o3 plate $69[s¢
oopdeeonadoonoopdl  smielopE  plate $89el  maopmco:  G[pCicdead  o3E:apoopdi
Capacitance 20p5 oscillator circuit ¢l 32805323&:{gbaopdi Capacitance elp&:cdge(opE oscillator
frequency o[gpC:cdo0pSn  Oscillator  frequency  elgpCicdgod  B[gligé  Beanselgpticdga’
238 Eo0p5

O(p-g9)E eedlgoonsoogd inductive sensor gpsaopd metal core og€ oFiE(coil) $69
00500000 transformer $& s08ora0001 Metal core o3 ag,aqp:8Eesnt [grpdaonoopdi Metal
core g .cqpifglielopé metal core o€ [gbedlaonoopd magnetic flux o3 transmitter
030900051 Boondeo 8300838 20[g03 6[gpEiaraodi

32003qpso0pd  capacitance pressure detector $6§ge> two-plate design $& single
capacitor design [g6oopdi  ojspdgEodtqé o3ogj(accurate)@ operating range a0
00520001 Capacitive pressure measurement 20p5 o§30038: =qpdel 22[gE0d 03E:epopt
0g$E0dgP:00pdI
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oscillator

Advantages Disadvantages
Inaccuracy 0.01 to 0.2% Temperature sensitive
Range of 80Pa to 35MPa Stray capacitance problems
Linearity Vibration
Fast response Limited overpressure capability
Cost
Diaphragm
Insulated c it
Standoffs | | apacitor
\ J plates
N1
Pressure _—1 I Pressure
Bellows ;l— port
Reference
pressure
Ill 1
T High
|~ ~ o Output o—| frequency

"N

Z

Process
pressure

& 9-§ Capacitance pressure detector

€ Flow Sensors and Meters

Process flow gpzod 03E:090000 32800 $05:00:§jsen velocity 1 volumetric flow $& mass
flow o3[g&aop5n

Air system $& hydronic system qp:op€ flow sensor gqp:o3 52034ggo0pd §P0gEdgo5ed
energy process control $& energy monitoring §§330305 [9620pSH Sensor gpsogE o&3:03

eed[g§Caoopd o3§oon(indication device) Bowpcd 0oEBsgpiod a38:e00d: @odod:con:§Ea0d
oB§on(recording device) dlo€esagié o3 sensor o3 8ox (meter)or el aodi

Factors affecting flowmeter performance

(o) Process media (Liquid/Gas) (vd) Velocity
(@)  Density (Specific Gravity) (c) Viscosity
(o)  Temperature (©) Pressure
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Volumetric Flowmeter sa§jgsaonsqpsen
(») DP

(®) Turbine
(o)  Vortex / Swirl
(0) Magnetic

eomio0dp3§,

(c) Target
(o)  Ultrasonic
(s0) Displacement

HVAC $& ACMV coSesgpiogE flow control o saadigioon:000d esepypsen chilled water
flow condenser water flow 1 hot water flow $& air flow 03[g620051 HVAC applications gpsogé
Foqp2ed: 320%4g[00pd flow sensor gpzod 632005012003¢E: Groizpte §8Ea0N

(o) Differential pressure flow sensors
(J) Displacement flow sensors

() Passive flow sensors $&

(G) Mass flow sensors o3 [gdoopdu

8:e08:e50000 fluid 20p5 fully developed [gbgoon fitting $& obstruction gpselopE
dcoleoom eddy € vortice gp: 0€s60:000 flow sensor gpssasadiel 038:009EP: 03 2p)
$ P ? QPSR [P 02 @

880005

Flow sensor qps 229:09:0005 cdeconodesant elgpgonsonpd dodeaqod afewrod duct
32405 §95 Bz0600p51 BE:omayp: oBogesanses upstream oz duct/pipe diameter & (j)so ©
(00)s0 $& downstream op¢ duct/pipe diameter & ((j)s0 ¢ (p)so c3z62005

§ooaopd o[gpfon§ioond 805 adeupod duct sagpd ©g8€dlan  straightening vane
aoupdd grid qpso? aaddqe) accuracy JeomEsesant [grod§Eaopdi eq(water)sE coo(air)od

030003 flow meter qpzod sp0dqP:a00N

Differential Pressure Flowmeters

Advantages

Disadvanteages

Use On Liquid, Gas, and Steam

Limited Rangeability

Suitable for
Pressures

Extreme Temperatures and

Effected By Changes In Density, Pressure,
and Viscosity

No Moving Parts

Maintenance Intensive

Low Cost
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o Differential Pressure Flow Meters
‘ Differential pressure oooeog 8ss8:(flow)o?

god0a[gE:0pd  $6edIEqpigoon  320ddgR00pdsp5s
[g©20p51 Bernoulli’s equation o3 saegdq) Differential

pressure o S:583(flow) 03 ogedupoopdi

-' T 2Ap
p

Differential Pressure Flow Meters:

2AP
P
where V is the velocity,

V=C

(Equation 4-1)

C is a constant that is a function of the physical design of the meter,
DP is the measured pressure drop, and
p is the fluid density.

HVAC system gp: 00§ cualisC copboodesaopd meefgeacsqpiogl ecusé eqods
a36a0p5s0gp: we[pEicdoeon ABelopé eco & eq 36a0p5s00088:(density)od a0:098:q)
03058E20051

C-J Orifice Meter

Differential
Pressure
Sensor

/

b-—— Calculate

Flange with
Taps for

1/4" Lines Flow (GPM) = C+AP
Pipe \

: JI— Orifice Plate
1 |
| |

c? -8 4-26 Orifice Plate Flow Meter
o€ 4-26 orifice plate meter & (03 Gwdgoonsoopdi Orifice plate 2005 3acLVS0RE
g26dlod(with round sharp edged)dlaogd plate oobelgdoopdn Orifice plate o [gode) 8:a0pd fluid
& Reynolds Number qp:aopdsasl flow rate $& pressure drop 030005 63005d P3g[gldsc
800506652001
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2 AP
V=C|—
p

Orifice plate o3 saadigopdsesl flow coefficient C o3 measured area of the pipe and
orifice opening 03,6 0690& a38&(determine cv6$E)a05n

[gr2e000 device gp320305 flow coefficient C 03 coodeogodaodgodyp: (experiment)
c060pq0pdl BefopE orifice meter gpso? safgpieoo flow meter gpzsan: calibrate cpdepopt
3200gjoopdi Orifice meter qpsoopd zanioyeolsg(pressure drop)gps comelogpé HVAC system
qP:pC 303gecy ofeon Reynolds Number $05:0005 flow gps(lamina flow)ssogab accuracy
onje0C:8Ea0051 sopodsacioigp: $¢ 2edlodg05e8:00860qpad g&:oB{gls(wear) odelopE HVAC
system qpzopE 3a05:5p5:00001

N R Venturi Meter

Differential
Pressure
Sensor
Calculate
High [
Low
Flow = CVAP

- \

O(p-§6)03E Venturi 3a§jsza00: flow meter o3 codlgoon:aopdi Venturi meter $& orifice

meter 036l 2a6[gda0eomoep: 0ppdooopdi 3208 (inlet)sEsacgad(outlet)od elglgbesant [grpd
conseomefopE Venturi meter ¢l 8sasogeolsg(pressure drop)spd:oopdi Bsgs: qpiao00dee4l

Venturi

S 9-9@ 4-27 Venturi flow meter

static pressure 20p velocity (kinetic energy)sa(gda3 elgpEsadognzoopd

mol(inlet) o static pressure oe08:god 03E:n[glid: e33005ABG[EED 3200
velocity 03 005008E20051 Flow coefficient 03 06:0004(test) qpeapde] qouagEaopdi

2 AP
V=C|—
p
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Convergent .
Cylindrical entrance | Throat | Divergent
inlet outlet

i ;
i
. g : Iy
. Y
o= 1
T | S
dl—L =2 21 O et e e = —— 7" o1 15°-

ﬂrlﬁjf)//ﬁp

1

(Ap)loss
)

o

Relative pressure drop

<°3 9-9q The Herschel venturi meter with the associated flow pressure drop along its axis.
Venturi meter gqpzo3 steam flow measurement qp:op€ saads{giecy §oopdi Water flow
measurement gp: 920305 220digjecy ofeun GqpsslqtereanaelopE air flow measurement
qPesecgod oo seadolgfojeon Standard density o spaddgd e68:5$:300305 @83005d
234[gE4sE cudg§Eoopd

Impact pressure
interpolating

7 ] 7 | [Z77A 7 / tube
fAveraging c % 5
(QJ plenum \

l l Flow l l

i % AP

l l l l %\ “Static”

4 pressure tube

<°3 Q-9 4-28 Averaging Type, Pipe-mounted Pitot Meter
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V = 12.2VAP Equation 4-2
V =12.2VAP (Equation 4-2)

where DP is in psi and V is in feet per second (fps).

O(p-99)0g¢ 30b320E:5 06s000s00pd pitot flow sensor o3 eudlgaon:aopdi Sodaptsg
velocity profile ooans  qoSogéigls(natural distortion)o  eogpspdicoqssaogod  Velocity

pressure 03 03C:090000 port gpsoopd tube oodeagpPodogt aopb§oopdi Sensor tube gpselopE
turbulence [g6edl[Ge accuracy eoqpoyglaqps [96eol 8€a0001 Downstream § static pressure

00§ 8sqs ¢2:03E:8Eo0pd
Accuracy 3eomEieoq§300305 3§60  000dcpEapgps(manufacturers)aopd  238:
$ooP§ 3001 gooend saddegepdlo3oopSs

Downstream

. averaging

Pipe or Duct Fixed chamber

\ separation
point
Flow
) )
Diamond-shaped

annubar

~_J Q averaging tube

Upstream
averaging
chamber

Standard round
pitot
averaging tube

Variable separation point

Q 2-9€ 4-29 Annubar flow sensor

O(p-99)20p5 Annubar flow sensor $[gdoopSi Annubar sensors 2005 bi-directional senor
[g000p51  3a§g8(symmetrical) o0pS sensing port $69 doCeomelopE seogist o[gs
$600050%:03 038800001 Bi-directional pressure transmitter o3 saads{gg$ c3o0pb Bi-directional
pressure transmitter e320p5¢n 29000083: =005(zero mark) ¢ @OlC:onod(positive side) $&
325050005 (negative side) $&00500%:03 03E:8E2005 transmitter [gdoopbn afeo0d HVAC
system gpsop $6000500%:08 03C:8E2000 (Bi-directional) sensor gp: w3260l Primary-
secondary piping system 026s08a00:0005 chilled water system 5000 decoupling pipe 93wupod by

pass pipe 0od6sepogEan 3% ggsadaodi
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Cover

/
| Switch

—— Weldolet

-~ Pipe
I 2 v 7]
«— Paddle
bz 7

& 9-60 4-30 Paddle Flow Switch

9-@-G Displacement Flow Meters
8:e50005 fluid stream a398 cvpb8E20PS scLASYP: codglige oBE:raod flow meter
o3 displacement flow meter vpeal 20p5i

Paddle flow switch

Paddle flow switch 03 4-30 0p¢ @udlgoonoopdn dodadap Bseoliesy § ofod B8EqS
2005 Zadi{go300p5 Fluid flow elopé paddle [grsoneco: oBEogneo0pd 328logE switch o3
activate coSeoggl g JodadopE Beolsg [gbedleselogpls 9B8Ea0o0n Air system gpsogé
Beqlolds (03000 paddle [gpz0d 220ddg8E2005n “Sail switch” vresl 6§ ooodi qo58:8E05:
2560005820051 BodgIee$ee0R05 $0s [glgEad8:addiaqp: [grpdes 83260005

1
' Signal
H Pickup coil
— %

- S

c? '\)-Go 4-31 Inline Turbine Flow Meter <[> Q-GJ Cutaway view of a turbine flow meter.

9-@-§ Turbine Meter

O(p-60)og¢ turbine meter o3 Gublgoon:aopSn Fluid stream o33 copdoono0pd 3c005$E
800500220009  propeller-shaped rotor copboodoopd 8360503 ABE:oplellyl 858:03
0388o0p5n HVAC system qpso water flow measurement gpsod 03€:q5320305 sagpiads

200gg|ecp§oopdi
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Magnetic sensor (metal rotor)od 3203gqje] 820056q0% 03E:0n[gE(gbo0RdN Infrared light
& reflection 03 s20%dgjg] 3005603 ABE:0p8E2051 Non-magnetic radio frequency impedance

sensors 03 32034q|q] 220096603 03E:0rE 00N

Turbine meter gp:a0pd B:e08:00p) Bsoopdep $&a005ads(bi-directional)od o3E:8Ea00u
Dual turbine meter o3 spadg accuracy JeomiesmE [gopd8Eoopdn Turbine $8903
e[p&g§ (opposite directions) on6s0oonieomaelopE counter-rotating rotor $690005 swirling
current qpzod alggod(cancel out) 0d8Eo0p5r

Turbine Meter

High accuracy (.5% of rate) Clean water applications only

High rangeability (up to 50:1) NIST Traceable Factory Calibration
Compact design Low cost, Easy to install

Fast response time In and out of line, under pressure

Broad range of sizes
Turbine Flowmeters

Advantages Disadvanteages

High Accuracy Only For Low Viscosities
Suitable for Extreme Temperatures and | Moving Parts

Pressures

Can Be Used On Gas or Liquid Sensitive to Flow Profile

Pressure differential flowmeters gaé’mssomseuos

Helical gear Oval gear

Nutating disk Rotary

Oscillating piston

9.6 Target Meter

Cover

/
| Switch

-~— Weldolet

N |

«— Pipe
I v ]
+— Paddle
£z ]

& 9-6p 4-32 Target Meter
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O(p-6 ))ogC target meter o3 cwdgoon:oopdi  Drag-force meter vpcopds esl eapdaopdi
Flow elop¢lgbedieom paddle edlogé cocSeepodesaopd smowan ¢ondeol flow rate o3
03800001 Flow rate Jqpseco bending action dqpsecolgdBs stress Sgp:cdgopdi

Strain-gauge ©02690& stress 0w SBE:p§EPSI ROgPiesEa  385IAE:
(moving parts) oClo€[gE:a005 30:000g105[gb205n

Ri ivi
Bluff Body (Strut)  Traneducar
7 4 % 7 2
—————— 7 7 Transmitter
ﬁ“"‘/‘::) it @ oFLE 1t 1 transducer

=~ vV
= vV
R C ')
_/'—\\9 O TR |
e v MV Receivin
% 7 s Shred vortices y L g

transducer
I Voxx E:firl / T;_anssn;i'ﬂing )
{ I:rgrte: strertﬂn?n ransducer Vortex Flow meter

<°3 9—@9 In the vortex shedding flow meter, the flow path is obstructed by a bluff body (or
strut) that creates the vortex swirl. cg@:co&saloppE:s(flow path)od bluff body [§&
2000:32005906630E [gjrwde) vortex swirl [gbesan[girpbaopd

?-@:qQ Vortex meter

Vortex meter gp:o0pd 30532098203 copdogEioon:a00d sensor ¢ 00690& agGedsddys
flow rate o3 03Co0pd $0{gdoopdn  Sensitive (g[8t accuracy sacg§eaEs0di
eqeg$ilgCenteomnalopE HVAC system gpopE saaddgecy ofeor

& p-6g Swirlmeter
Vortex / Swirlmeter

Advantage Disadvantage

No Moving Parts Span Limitations Due to Viscosity
For Liquid, Gas, or Steam Flow Profile Sensitive (Vortex)
Uneffected by Pressure, Temperature, or

Density Changes.

Wide Rangeability

Vortex / Swirlmeter Benefits

High Accuracy 0.50% of Rate Versatile
No Moving Parts Electronics can be used for Diagnostics
Minimal Upstream Piping Works with Entrained Liquids

1-47



HVAC Control and Building Automation Systems eomio0dp3§,

‘ Measures Low Flows ‘

9-@-® Passive Flow Meters
Passive flow meter gp:oopd fluid stream oda3 obstruction [gdeoo0pd ©pSoopd

FPEPOPIP2oRy| ©copdad flow rate o3 03E0ma0pdi oBelopé dsmsogeolsq(pressure drops)
olgdbedleon Fluid stream 25038:5 cpdepieseon 32805338:qp: foeseomelops [gfyc

038§:086299p: [gpdes ecdsadeor

a\,"p 7
AR

o 9-66 Ultrasonic meter

Transducer 1 Transducer 2

N ’
S e
~ a

N -
\\ //
\\time 1 time 2 // ‘ y
AN 7
Q—.— \\\\ }'//I/‘// dl
N s
~ '
\\ ’/ A

Reflector

c‘;) Q—GQ Principle of a transit time (ultrasonic) flow meter.

CE Transit time ultrasonic meters
Transit time ultrasonic meter qp:oaé flow rate o% o§83q$990808 sound waves &

6g,0qP:00pd 32§83 03E:q) fluid velocity 03 caod0na0pdI O(p-66)ogE Transit time ultrasonic
meter o3 GeSlgoonzoopdi

eanondy eonlq fluid o393 ultrasonic sound wave o3 Jdagodoopdi Besn0d
downstream S 0060800005 sensor ¢ 3cga5c8050005 ultrasonic sound wave o [g§ods
020

Ultrasonic wave & ogaqSfopqs (travel time)od o3sq average flow velocity o
0305q05(g¢: [§520pdn Transducer $69800pd 32505 00d9a0d transmitter [g6[G: oy§oodead

receiver [gdoopdi Transmitter coonfond9 Gonlsq fluid o398 ultrasonic sound wave o3

3g0oda0pdi ABesnod downstream S oobeoCoonoopd receiver © Sodadndo0pd ultrasonic
sound wave o3 [g§&:0900001

3obel :[gonodoge sensor qpio? oodeoaonzaopdi Fully developed very clean water |
no air bubbles $¢ straight flow 220305 accuracy 2005 +1% of full range [g620pSI condeoy
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03&:0mqqpsope accuracy 20p5 £5%0005 dqpsecy wfeoi Piping dimensions 1 fluid properties $¢

other practical limitation o3e{o3p& coodeay,03E:0mgqpiopE accuracy ogeotsq[gEs [gdaopd

Ultrasonic Flowmeter o0& doppler $& time of flight upg) $&:o3(gpz0005
(o) Doppler effect, used for dirty, slurry type flows

(®) Transit time measurement, used for clean fluids

Ultrasonic Flowmeters - Performance Considerations

Reynolds number constraints

Installed without process shut down

Entrained gas or particles for doppler

Straight upstream piping requirements

Clean liquids for time of flight

Ultrasonic Flowmeters

Advantages

Disadvanteages

« No Moving Parts

«  For Liquids Only (limited gas)

« Unobstructed Flow Passage

«  Flow Profile Dependent

- Wide Rangeability

«  Errors Due To Deposits

9-¢-00 Magnetic flow meters

Magnetic flow meter gpsoopS magnetic field o3 saaddglg) magnetic induction $o5¢g¢
flow rate o3 oB&:0mgE: [g620p5n 0BEs0pe0d fluid 20p5 non-zero electrical conductance [g&qepd
o0bsp5:3:0dgE deionized water ofgbeoa sacg§oB0yea0d00pd: GgiEgSdgCenaopdi Turbulence

[559§ 90585200 sludges $¢E slurrie qpzo3copds 03o7g> 03E:08E20p5N

& 5o Magnetic Flowmeters
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Turbulent Laminar
Velocity __ ,__ Velocity
Flow Flow
Profile Profile

Q Q-G@ Electromagnetic principle as applied to a working flow meter.

Magnetic Flowmeters

Advantages

Disadvanteages

No moving parts to wear out

Liquid Must Be Conductive

Very Wide Rangeability

Physical Pressure and Temperature Limits

Ideal For Slurries

no obstructions or restrictions to flow

No pressure drop or differential

Accommodate solids in suspension

No pressure sensing points to block up

Temperature independent

Capable of measuring flow in either direction

Magnetic Flowmeters Advantages Over Other Technologies

No moving parts

Measure dirty liquids with solids

No pressure drop

Measure highly corrosive fluids

Flowrate independent of viscosity,
temperature, and density

Very large turndown

Minimum upstream piping requirements

Linear output

Electronics interchangeable without regard to

size

Direct Measurement 06882005 Mass Flowmeter gpsogE Thermal Dispersion sajszeon: &

Coriolis 0pg] $6§8 3[gpe0001
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9-@-00 Mass Flow Meters

Coriolis force meter $& angular momentum meter ©20pd mass flow meter gpsod HVAC
cocsaqpopt mass flow meter gpzo? 3200dgiecy ofeon Thermal anemometer 2300pcd hot-wire
anemometer o3 air flow measurement 03&:epoRC 32098 3aadgP:a00N

Signal Electrical
Output Power
|| | | Circuits for
Duct Wall ! Controlling,
Comparing,
\ Amplifying
] |
Air Flow | !
i |
[ I

Resistance Heater ——* +— Temperature Sensor
| |
——«— Perforated Tube
@ 9-Q0 4-34 Thermal Anemometer
O(p-qo)ogE thermal anemometer o3 cwSgoonsoopdn Air stream o398 3206030020005
heated probe o3 copboglsg] mass flow rate o3 03€:00001 Googps [godoo§: ognseomelopé

heated probe 2005 ezasoga:a0pdi Probe o temperature sensor $&  electric resistance-heating

element o3g¢ [gapSoonzoopdi

Heated probe o3 32058 200°F 0£038 088:002:8EqS320305 33260005 electrical current
o3 oBE{glyC velocity signal o3 §8Eo0p51 03E0pa0pdeagES erosl Bbaopdeo(air density)
0e[gpE:aduy vIEooR0Rd

5,600 thermal anemometer qpsog¢ heating element 20pS0€ temperature sensor

[§020p5n Self-heated thermistor o3copd: a3:ecp§oopdn Temperature sensor o3 upstream og&
consg] air density o3 a8ee¢ entering air temperature o3 oB3&:0p(g84g¢ accuracy deomieznt

[g10968E 0005

Thermal anemometer qpsell Sa0200gEOw>  pitot tube sensor qpzsC  §E:00d0qE
32095860005 air velocity o3 o3&:8Ea0p51 Commercial model gp:320305 500 fpm 63005038
+2% to +3% accuracy §§Ea0p5i 100 fpm cBeeant oE:§Ea0p5N 93eadd accuracy 20pd +20 fpm
[920p51 Anemometer [g& velocity 150 to 5,000 fpm =a038: 03E:qIE cLr>$8Ea0pd accuracy

0820001
Pitot sensor qpza0p5 400 fpm (0.01 inch wg) 03¢ o3ogg§ scg§e055a05 Pitot sensor

qpzoopS velocities range oqdsogpoBom o3€:8E8a0pbi BelopE VAV system gpioged thermal
anemometer qpzoopd  360mE:ed:  [gdoopdi  Thermal anemometer o3 fan inlet oR¢

006908gjeopds 3aadig|§ Eaopdi
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Figure 4-35  Air Flow Meter

@ 9-Q0 Air flow meter
¢ (4-35)03¢ air flow meter gpzo3 codlgaonzoopdi

Hose or Tubing

&t High
Wall of Pipe or Duct
\ Low
Differential
Pressure
sp Sensor
Flow l
TP —— (VP =TP - SP)
_

<"3 9-q Pitot tube sensor

O(p-q) Pitot tube sensor gpzoopd GroLMNdYEN [g5S:(speed of aircraft)od o3Eepagé
Foq2ad: 3203gecdoopSi HVAC application qpogl ecodigs: $& cedigs: $8Gpadiod oBE:qs
220305 :20dg|ecpdoopdi

O(p-99) 93¢ [goom20pd3203E: Zac0Lde adlod0pS total pressure §803 03E:e0z00001
eonse 2060050005 static pressure 0303Eseo:00001 Total pressure o0§:3¢ static pressure

00§8:03 §050q|C velocity pressure 00§:3:03 q§joop0n

Pitot tube velocity differential pressure o0§8: standard density seclgEae$RE
[§8e0l 205 air flow 03 6320050 P8¢[gE:0d 3a2dqie) R050R8E05N
V = 4005VAP (Equation 4-3)

where DP is measured in inches of water gauge (wg) and V is measured in feet per minute
(fpm).
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Integrate and
Totalize
Pressure
Differential
Sensor
. Static Pressure Tip
Duct Wall Manifold (Also Averaged)
— Total Pressure Tube
Air Flow — } /wilh ngeral Openings
- | (a Series of these
} Across the Duct)
Flow (CFM) = Average Velocity x Area
¢ 9-qp Figure 4-37 Air Flow Measuring Station

Figure 4-37 shows an air flow measuring station (FMS) commonly used in duct applications.

In large ducts, the FMS is composed of an array of pitot sampling tubes the pressure signals of
which are averaged. This signal is fed to a square root extractor, which is a transmitter that
converts the differential pressure signal into a velocity signal. (With digital control systems, this
calculation can be made in software with improved accuracy over the use of a square root
extractor.) The velocity measured in this way is an approximate average of duct velocity, but it is
not a precise average because pressure and velocity are not proportional (the average of the
square of velocity is not equal to the average of the velocity).

Where fan air flow rate measurement is required, the preferred location of the pitot sensor is in
the inlet of the fan. Two arrangements are available. The first, which can be used with almost
any fan, has two bars with multiple velocity pressure and static pressure ports mounted on either
side of the fan axis. The second, much less common arrangement has multiple pinhole pressure
taps that are built into the fan inlet by the fan manufacturer. Differential pressure is measured
from the outer point of the inlet to the most constricted point, much like a Venturi meter.

Locating the air flow sensor in the fan inlet has many advantages compared to a duct mounted
pitot array. First, air flow is generally stable in the inlet (except when inlet vanes are used, in
which case this location is not recommended) and velocities are high, which increases accuracy
because the differential pressure signal will be high. Even where inlet vanes are used, a location
in the mixed air plenum space could be found. This location also reduces costs because the
sensor array is smaller than the array required in a duct. Perhaps the most important advantage
of this location is that it obviates the need to provide long straight duct sections required for the
duct mounted array. The space needed for these duct sections seldom seems to be available in
modern HVAC applications where the operating space occupied by HVAC systems is heavily
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scrutinized by the owner and architect, reduced to its smallest area possible, and consciously
minimized.

9-@-0 Displacement Flow Meters:
B:e500p air stream o503 cwpS8EaPS 3CVSYP: OV gEgE 03E:r2005 flow meter o3

Displacement flow meter vpasl c0pdu

Propeller or Rotating Vane Anemometers: Propeller or rotating vane anemometers are commonly
used hand-held devices for measuring air velocity. They are seldom used as sensors for control
systems because they are accurate only for measuring velocity at a single point, and velocity in a
typical duct system varies considerably over the duct face.

(? 299 Rotating Vane Anemometers:

Table 4-6 summarizes some of the velocity and flow sensors that we have been discussing.

Table 4-6 Table of Flow Sensors (Hegberg, 2001-2002)

Velocity and Flow Sensor Summary

. Accuracy & .
Sensor Type Primary Use . Advantage Disadvantage
Maximum Range
Orifice plate Water +1-5%, 5:1 Inexpensive, great Sharp edge can erode
selection lowering accuracy
Venturi Water, high- Low head loss Expensive, large
velocity air
Turbine Water +0.15-0.5%, up Blades susceptible to
to 50:1 damage
Ultrasonic Water 0.25-2%, 100:1
Vortex Water +0.5-1.5%, 25:1
shedding
Pitot tube Air flow Minimum velocity | Inexpensive Can plug with dirt, limited
400 fpm in lowest velocity
Good at low velocities, .
Thermal . +20 fpm at Dirt can reduce
Air flow small sensor easy to
anemometer 100 fpm . . accuracy
insert into duct
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Rotating Hand-held Inexpenisve Not robust, large
Vane Air flow
Electromagnetic

The operating principle of an electromagnetic flow meter (8) is based on the fundamental
principle that an electromotive force (emf) of electric potential, E, is induced in a conductor of
length, L, which moves with a velocity, U, through a magnetic field of magnetic flux, B. Simply,
when an electrically conductive liquid moves through a magnetic field, a voltage is induced in the
liquid at a right angle to the field. The voltage is detected by metal electrode sensors with the
voltage magnitude and polarity directly proportional to the volume flow rate and the flow
direction, respectively. This physical behavior was first recorded by Michael Faraday (1791
1867). In principle,

E=UxB-L

where symbols in bold face are vector quantities.

The electromagnetic flow meter comes commercially as a packaged flow device, which is
installed directly in-line and connected to an external electronic output unit. Special designs
include an independent flow sensor unit that can clamp over a nonmagnetic pipe, a design
favored to monitor blood flow rate through major arteries during surgery. The sensor is
connected to a control unit bywiring. External sensors are also available as an in-line union,
which can measure flow rate in either direction with instantaneous changes (Figure 10.16).

The electromagnetic flow meter has a very low pressure loss associated with its use due to its
open tube, no obstruction design, and is suitable for installations that can tolerate only a small
pressure drop. It can be used for either steady or unsteady flow measurements, providing either
timeaveraged or instantaneous data in the latter. This absence of internal parts is very attractive
for metering corrosive and “dirty” fluids. The operating principle is independent of fluid density
and viscosity, responding only to average velocity, and there is no difficulty with measurements
in either laminar or turbulent flows, provided that the velocity profile is reasonably symmetrical.
Uncertainty down to 0.25% (95%) of the measured flow rate can be attained, although values
from 1% to 5% (95%) are more common for these meters in industrial settings. The fluid must
be conductive, but the minimum conductivity required depends on a particular meter’s design.
Fluids with values as low as 0.1 microsieman (msieman)/cm have been metered. Adding salts to
a fluid increases its conductivity.

Stray electronic noise is perhaps the most significant barrier in applying this type of meter.
Grounding close to the electrodes and increasing fluid conductivity reduce noise.
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.00 CALIBRATION METHODOLOGY
CALIBRATION
« It's the procedure for determining the correct value of the measurand by comparision
with the standard ones.
* The standard of device with which comparison is made is called a standard instrument.
+ The instrument which is unknown and is to be calibrated is called test instrument.
* In calibration test instrument is compared with the standard instrument.

DIRECT COMPARISON
+ METER CALIBRATION
*  GENERATOR CALIBRATION

+  TRANSDUCER CALIBRATION

INDIRECT COMPARISON
+ METER CALIBRATION
*  GENERATOR CALIBRATION
+  TRANSDUCER CALIBRATION
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» Direct Mass Measurement » High Purchase Price
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High Accuracy

High Installation Cost

Additional Density Measurement

Size Limitations

Uneffected By Flow Profile

Vibration Sensitive
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