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LIMITATIONS OF USAGE AND CAUTIONS

The FKT series of instruments are mutrinsically safe and must not be used in dangerous or
hazardous areas. Servicing of these instrumentspocating battery changing must only occur
in a safe area. Use of the FKT series may requioeking in a hazardous environment.
Necessary safety precautions must be followed.

FlowKinetics™ LLC’s products (including the FKT #=3) are not authorized for use as any
component in a life support system or device oc@sponent of an aircraft's on board flight
system. Life support systems or devices are defasdny system that can sustain, monitor or
support life.

The pressure transducers used by the FKT systeroarpatible with most clean non-corrosive
gases, however toxic gases are not suitable, mofiquid pressure measurements. Measuring
flows with high particulate content requires filtey to prevent damage to the instrument.

Any attempts to service or modify or alter the predin any way, will void the warranty and
will negate any right of claim against FlowKinefi¥sLLC, relating to any liability in respect of
the product.

WARRANTY

All of FlowKinetics™ LLC's instruments have beensasibled using strictly defined and
controlled procedures and tests, and are warraaggihst any faults in workmanship and
materials for one year from the date of purchasbility under this warranty is limited to repair
or replacement F.O.B. factory of any parts whicbvprto be defective within that time or
repayment of the purchase price at the Seller®mgrovided the product has been returned,
transportation prepaid, within one year from dateurchase. In no case is the Seller liable
beyond replacement of product F.O.B. factory orftHepurchase price. This warranty does not
apply if the product or equipment is abused, altengsed at ratings above the maximum
specified, used with disregard of instructions apécified operating procedures, or otherwise
misused in any way. All technical advice, recomnagimhs and services are based on technical
data and information which the Seller believesdaddiable and are intended for use by persons
having skill and knowledge of the application, dwit own judgment. There are no implied
warranties of merchantability or of fithess for atcular purpose for goods covered hereunder.
In no event will the manufacturer be responsiblectmmsequential, incidental or special damages
resulting from the use of this product.

Buyer's Remedies:The buyer’'s exclusive and sole remedy on accotiar an respect to the
furnishing of non-conforming or defective matesahll be to secure replacement thereof as said
above. The seller shall not in any event be lidtehe cost of any labor expended on any such
material or for any special, direct, indirect, ceqgential or incidental damages to anyone or any
property by reason of the fact that it shall hagerbnon-conforming or defective.

Repairs: Authorization must be obtained before shipping geto FlowKinetics™ LLC for
repairs. When requesting a repair please includetailed description of the problem with the
item, date of purchase, your P.O. or reference murabd our invoice number if available.

In the interest of product improvement, FlowKinsfi¢ LLC, reserves the right to change the
design features without any prior notice.
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INTRODUCTION

1. Overview
The FKT series of instruments are portable, seft@ioed micro-processor based
process/pressure acquisition systems. The FKT ssamllow for the simultaneous
measurement and display of one (FKT 1DP1A-SV), (R€T 2DP1A-C ) or three (FKT
3DP1A) independent differential pressures as wsllcancurrent measurement and
display of atmospheric pressure, target gas teryrerand relative humidity (RH). The
last three parameters are used to calculate demditgh is also displayed. In conjunction
with a Pitot Static tube, the series can displaasuesd velocity accounting for true gas
density,p, (all models) and compressibility i # constant, (FKT 2DP1A-C series). The
FKT 1DP1A-SV can be used to perform surveys of slastwell as estimate the standard
deviations of measured pressures and velocities. ilstruments interface with a PC
allowing data logging functions and can configuseaacomponent of a data acquisition
system. Figure Al identifies the components ofsiges.

Pressure Ports

Battery
Compartment

Power Ada

Temperature sensor
(K-Type thermocouple)

Pitot Probe
(optional)

Silicone Tubing

Fig. A1 FKT series components

2. Features

» Simultaneous measurement and display of:

o One to three independent differential pressuress @lows excellent
flexibility in that multiple pressures may be measlisimultaneously, or
the transducer yielding optimum accuracy for aipaldr application
may be selected.

Gas temperature.
o Gas Relative Humidity.

(@)
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(@)

Atmospheric pressure (or absolute pressure).

o Real time true gas density including effects of gemature and water
vapor.

o Humidity ratio (FKT 1DP1A-SV only)

o Standard deviations of differential pressure andory (FKT 1DP1A-
SV only).

» Extreme ease of use. The series was specificafligded to avoid menu driven
operation, as this usually proves cumbersome amuires continual reference to
the manual. Almost all required information is désfed concurrently through the
use of a large 4 line LCD display.

» Pressures displayed in four user selectable raang$8 velocity ranges.

* In conjunction with a Pitot Static tube (or mulgpiubes), up to three velocities
based on true gas density are displayed in three sedectable units. It is not
necessary to post-process the measured dynamisupessto calculate the true
gas velocity nor estimate the gas density. The RXOP1A-C series present
velocities corrected for compressibility effectsdamllow variable specific heat
ratios to match that of the target gas. The FKT I8V model simplifies duct
survey measurements and calculates standard asgaif measured velocity.

* Variable damping for measurements involving putgaflows.

» Auto-zeroing without disconnecting from the presssource (through the use of
internal solenoids) every six minutes reduces zeifbo-errors and simplifies
operation. The auto-zero function can also be implged by depressing the zero
button. This is particularly useful when measurimg conditions with large
ambient temperature fluctuations. Auto-zeroing nslicated by two to three
(depending on the series) sequential clicks, apprately 3 seconds apart.
Simultaneously, the screen will display the différal pressure transducer in the
process of being zeroed.

» Auto-protection: If the applied differential pressiexceeds the transducer rating,
the instrument will automatically enter the auteezeycle which will equalize
pressure across the differential transducers radutie possibility of damaging
the transducer.

» Data logging with optiondFlowScari™ Software Suite.

3. Power Supply & Batteries
The instrument may be powered using either:

1. 8 AA-sized pen cell batteries (1.5V each). Use Alkaline leak-proof types. If
the FKT series is stored, or not used for over &kywehe batteries must be
removed.

2. An AC adaptor power supply, supplied with thetinoment. The adaptor can
operate from 100} to 240Vac 50-60Hz supplies and provides 1100mA abQV
The adaptor has the facility for easy interchang®vben US, European, English
and Australian plugdNote: when the adaptor is plugged into the unit, theneo
need to remove the batteries, they are automatideitonnected.

CAUTION : Use of any power adaptor other then that suppliggkl the instrument wil
remove any rights of claim against FlowKinetics™@,Lrelating to produc
liability or consequential damage against a thiedty and will void the
warranty. If an alternative adaptor is used, itgpativoltage range must he
regulated and withi®V,. <V, papror <12V .

—F
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4. Tubing Connections
The instrument is supplied with, by s inch silicone tubing. During measurement
ensure that:
* The tubing is of approximately equal length.
* The tubing is un-kinked and non-constricted.
* Use the full length of the supplied tubing when mwemng dirty or saturated air
streams to avoid any contaminants draining intgotiessure ports.
* Do not moisten the tubing to attach to the porbbaihe moisture can block the
tubes and interfere with the transmission of pressu
* The FKT series must not be left in direct sunlifgittany long time periods.
* Pressures greater than 2.5 times the differemaastiucer’'s range must not be
applied to either of the transducers input ports.
* The common mode pressure limit for each port is gdi@.

CAUTION: The FKT series are not suitable for use withdai corrosive gases or for
liquid pressure measurement. The FKT series ar@ptoved for use i
any life support application.

-

CAUTION: When removing tubing from the barbs, ensure tihat face of the
instrument is supported before pulling on the tglire. place two finger
on the surface adjacent to the barb). DO NOT PUIN. THE TUBING
WITHOUT SUPPORTING THE PLATE. Remove the tubing
individually.

U)

~—+

CAUTION: If the FKT series instrument is used in a flow whiilgh-particulate conter
fillers must be installed on the tubing between tvebe and the
instrument. Any unused ports should be covereldefambient around the
instrument is also dirty.

174

CAUTION: Always connect the tubing and probe to the instminfest before
inserting the probe into the flow or connecting thbking to the pressure
source. This prevents from too many contaminatisdithe tubing.

5. Accessories
The instrument is supplied complete with all regdiraccessories for pressure
measurement. These include:
1. A carrying case with shoulder strap. The caseramodates the instrument and most
required accessories.
2. Lengths of silicone pressure tubing rated tosR0p
3. AC wall adaptor, with desired plug (US, Europeanglish or Australian).
4. Temperature and relative humidity sensors

Optional Accessories

1. A velocity probe can be supplied. Available mebare Pitot-static for general
velocity measurements. S-type Pitot probes suitabla@irty flows and RAP probes
designed to quickly determine flow rates in ducts.

2. FlowScan™software suiteand cable to access the instrument readings from a
computer.
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6. Pressure Measurement
The FKT series allow for the simultaneous measun¢roeone (FKT 1DP1A-SV), two
(FKT 2DP1A-C) or three (FKT 3DP1A) differential ande absolute pressure.

Table 1 shows available pressure ranges (and pomdsig velocity ranges) with

displayed screen resolution. The velocity rangeewalculated using = 28p , Where
\ o
v is velocity,Ap is the pressure anuis the density, assumed to be 1.2kg/m

Any combination of these ranges can be orderedr gdoinstrument assembly. The
pressure transducers are true differential sengmsitive pressures can be applied to
either port. The absolute pressure transducer,eff Unconnected, displays local
atmospheric pressure, or if connected to a dutesythe duct absolute pressure which is
then used for density calculation. The absolutestdlacer has a range of vacuum to
120kPa (17.4psi), and in no circumstances shoufateasure greater than twice the

maximum

be a

pplied. Over pressure will
i! on the LCD display.

Table 1 Transducer pressure and velocity ranges

be indicated the appearance of

Pressure Velocity Range Velocity Range Display
Range FKT 3DP1A FKT 2DP1A-C Resolution
FKT 1DP1A-SV

+0.4inH,0 | 63 - 2536 ft/min 63 - 2536 ft/min 0.001inHO (0.0001kPa)
(x100Pa) | (0.3-12.9 m/sec) (0.3- 12.9 m/sec) 1ft/min (0.1m/s)
+1.0inH,0 | 100 - 4000 ft/min 100 - 4000 ft/min 0.001inHO (0.0001kPa)
(x249Pa) | (0.5 -20.3 m/sec) (0.5 - 20.3 m/sec) 1ft/min (0.1m/s)
+5inH,0 224 - 8964 ft/min 224 - 8964 ft/min 0.01inHO (0.001kPa)
(x1.2kPa) | (1.1 - 45.5 m/sec) (1.1 - 45.5 m/sec) 1ft/min (0.1m/s)
+12inH,O | 347 - 13887 ft/min 347 - 13887 ft/min 0.01inHO (0.001kPa)
(x3kPa) (1.7 - 70.5 m/sec) (1.7 - 70.5 m/sec) 1ft/min (0.1m/s)
+20inH,O | 448 - 17928 ft/min 448 - 17928 ft/min 0.01inHO (0.001kPa)
(+4.98kPa)| (2.3 - 91.0 m/sec) (2.3 -91.0 m/sec) 1ft/min (0.1m/s)
+60inH,O | 776 - 25000 ft/min* 776 - 31052 ft/min 0.01inHO (0.001kPa)
(x15kPa) | (4.0 - 127 m/sec)* (4.0 - 157 m/sec) 1ft/min (0.1m/s)
+100inHO | 1002 - 25000 ft/min* 1002 - 40089 ft/min 0.1inH,0O (0.01kPa)
(+24.9kPa)| (5.0 - 127.0 m/sec)* (5.0 - 203 m/sec) 1ft/min (0.1m/s)
+180inH,0 | 1345 - 25000 ft/min* 1345 - 47252 ft/min 0.1inH,0 (0.01kPa)
(x45kPa) | (6.8 - 127 m/sec)* (6.8 - 240 m/sec) 1ft/min (0.1m/s)
+360inH,0O | 1902 - 25000 ft/min* 1902 - 47252 ft/min** 0.1inH,0O (0.01kPa)
(x90kPa) | (9.7 - 127 m/sec) ** (9.7 - 240 m/sec)** 1ft/min (0.1m/s)

i Compressible flow. Reduced air velocity accuracyMe> 100m/s (328ft/s) if using FKT 3DP1A or

FKT 1DP1A-SV meters. The FKT 2DP1A-C is recommenfiedhis velocity range.

™ Air velocity range limited by supersonic flow fomg a shock wave on the nose of the Pitot Statie.tub

Units of inHO are defined at 16°C (60°F)

CAUTION

Although the unit possesses auto-protectionchvisignificantly reduce

the possibility of differential transducer damagee do overload, under no

circumstances should differential pressures gretiten 2.5 times th
maximum rating be applied.

5
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7. Temperature/Humidity Measurement

The instrument has two detachable probes that ditowhe measurement of test point
temperature and humidity. The relative humidityljg’s range is from 0 to 99%. For
insertion of the humidity probe into airstreamsisiinecessary that the gas be clean and
free of contaminants. The relative humidity probelésigned to operate in a temperature
range of -48F (-40°C) to 185F (85°C). If the temperature recorded by the meter is
outside these limits the humidity reading will ddfao 0%. The relative humidity probe
comes with a three prong copper connector.

The included temperature probe is a K-type wirgrnttoeouple with a range of -73 (-
100°F) to 482C (900F). The FKT instrument can work with other K-typetmocouples
and can display temperatures from -ZD@-328F) to 777C (1430F) depending on the
thermocouple materials. The included thermocoummes with a quick disconnect
miniature connector.

8. Data Logging

Using the optional FlowScan Software Suite loggimgecording instrument outputs is
fully automated and greatly simplified. FlowScani8oaincludes computational features,
and can calculate volumetric and mass flow ratestioveyed ducts. The suite includes
the FlowScan™ stand-alone application, FlowScareEx&dd-In, and the libraries such
as the LabVIEW Virtual Instrument. The data logging facility alatbows the instrument
to function as a component of an external data isitgun program. Refer to the
FlowScan manual for more details.
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B. OPERATION OF THE FKT SERIES

1. Overview
In this section, the operation of the instrument be detailed. It will be evident that a
strong emphasis in the design of the FKT seriesnisimplicity of use. Operation is
straightforward and unambiguous.

2. Power Connection
* Plug the Power Adaptor into a suitable AC outlet.
» Connect the Power Adaptor output plug into the P@/gacket on the instrument.
* For battery connection and maintenance, see sdofion

3. Controls
The controls on the face plate of the FKT 3DP1A4sFB1 and B2, and FKT 2DP1A-C,
Figs. B3 and B4, and FKT 1DP1A-SV, Figs, B5 and &6 as follows: {information
particular to the FKT 2DP1A-C series is showntalics and is_underlinedor the FKT

1DP1A-SV}

ON/OFF This button turns the instrument on or bfiough sequential depression.
When in the ON position, the button remains senpireesed.

RANGE The instrument has four available pressumgea and three velocity

ranges. Range selection is accomplished by rotatiegswitch to the
desired position indicated by the indicator mark.

ZERO Depressing the ZERO button initiates the aai®@ cycle. Automatic re-
zeroing will continue every six minutes after kegpdession. The ZERO
button also serves to store the user set moleadayht, calibration factor
(Section D3), Pitot tube correction factor (Sect®n This button is also
used to store duct shape and store survey readings.

CONTR This control allows setting of the LCD screamntrast to best suit the
ambient light conditions. Adjustment is made by tooinrotation. The
CONTR control also sets the target gas moleculagiwethe calibration
factor (Section D3) and the Pitot tube correctiactdr (Section C).

DAMP Rotating the control varies the damping frorh to 8 as indicated kF 1

to F i on the upper right hand portion of the display &&. B2. The
damping feature is used when measuring unsteaguleating pressures.
Damping is achieved through averaging of collectath. The number of

would indicate that the data represents 64 averdgagasing the number
of averages will slow down the screen update irienas the micro-
processor processes the data. Turning this cofuiglclockwise initiates
calculation of the standard deviation (see sedibh).

PC This serial cable adaptor allows connectiorhefihstrument to a PC for
data logging.

P(1-3)+ These pressure port barb connections are &tytiical positive pressure
of the differential transducers, such that a grgatessure at this port then
the corresponding P— port will result in an indechpositive pressure.

P(1- 3)- These pressure port barb connection are fotyfhieal reference pressure
of the differential transducers, such that a grgatessure at this port then

6
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the corresponding P+ port will result in an indezhhegative pressure.
This barb connection is for the absolute pressansducer. If the true
density in a duct or similar element is desiretylze should be connected
from this port to a static port on the duct or $@ic port of a Pitot Static
tube inserted into the duct, see Section C.
Rotating this control varies the specific heat odtiom 1.1 to 1.8 to match
the working gas to be measured. At power up, fer RKT 2DP1A-C
model, they control sets the molecular weight for the requigsads.
Information presented on the screen is as foll@ss Figs. B1 to B6):

* The pressure or velocity units selected are showthe first row
of the display. If a velocity range is selectedprapriate units are
displayed for the atmospheric (absolute) pressline. displayed
units are applicable to all installed differenti@nsducers.

* The temperature as measured by the thermocouptepdrature
units are displayed so as to be compatible with the
pressure/velocity range selected.

* The Relative Humidity percentage as measured byretetive
humidity probe.

» If the measured temperature exceeds°@3(B96F), the unit of
temperature, i.e3C or °F, will be replaced by thé symbol. RH
exceeding 99% will also be indicated by the appezgaf the!
symbol.

» The damping level selected.

« The ambient or test point density. The temperaané relative
humidity measured in combination with the absolptessure
transducer are used to calculate the density. Témesity is
displayed in kg/mfor the FKT 2DP1A-C and FKT 3DP1A series.
Density appropriate for the RANGE selection is shday the FKT
1DP1A-SV series (in either kgAuor Ib/ft).

* The specific heat ratioy, and gas molecular weighty, in
grams/mol

* Low battery will be indicated by the appearance &
on the top right hand side of the display, indiogtihat the supply
battery voltage under load has dropped below apmpabely 7V.
At this point the batteries should be replacedihar instrument
may begin to malfunction during auto-zero.

» The molecular weight, M, in grams/mol and Humid#yio, W, in
ka/kg or Ib/lb (water vapor to dry air). Units ftdrese parameters
are not displayed on the LCD.




FKT Series User Manual, Copyrightd 2002-2009 FlowKineticfl LLC

f@jp’m% ® @
0)© O

Flowkinetic® LLC FKT 30P1A Manometer @

CONTR DAMP ©

[Pa
T Q) oo
— + - +

mmHg
psf

;

fft/m

PC ZERO ON/OFF RANGE
@ BATTERY : @

Fig. B1 FKT 3DP1A series face plate
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Fig. B2 FKT 3DP1A series LCD presentation
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Fig. B3 FKT 2DP1A-C series face plate
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Fig. B4 FKT 2DP1A-C series LCD presentation
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CAUTION:

Remove tubing +
individually. Use

fingers to

support plate

when removing

s [ &)Y —

FlowKinetics™ LLC FKT 1DP1A-SV System @

@

@ BATTERY

®
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&) inH20
mmHg
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m/s {fe
ft/s {is
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RANGE @

Fig. B5 FKT 1DP1A-SV series face plate

differential pressure units

differential pressure~_, -

density —» | |

probe temperature/

absolute or atmospheric pressu;e/

damping,F 1~ F 8

»— low battery

Hw humidity ratio

\ relative humidity

\ molecular weight

Fig. B6 FKT 1DP1A-SV series LCD presentation
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4. Power up
To switch the unit on, the ON/OFF button is depedssThe screen will indicate the
instrument series, followed by a prompt to caliertte differential pressure transducers
(if necessary, see section D3). Subsequently, ¢hees will show indications that the
analog/digital (a/d) converters are being initiatiz The calculation of density requires
inputting the gas molecular weight, M, (in g/mdihis is easrly accomplrshed Following
a/d calibration, the screen will indicate that thees [ i i will be
required. As indicated on the display, if the warkigas is Arr the user should press the
ZERO button, as the instrument uses the molecutagiw of air (28.97g/mol) as a stored
default. If the test medium is another gas, M carsét by rotation of the CONTR control
for the FKT 1DP1A-SV and 3DP1A models or thiecontrol for the FKT 2DP1A-C
model, until the desired value is displayed. Aftéthas been set, its value is stored by
depressing the ZERO button. After setting M, it nisy necessary to reset the LCD
screen contrast (using the CONTR control) - FKT 1BV and FKT 3DP1A model
only. Values of M can range to 150g/mol.

Subsequently, the unit will be ready for operatibwo minutes after initial power up, the
unit will auto-zero to minimize any thermal drifubsequent auto-zeroing will occur
every six minutes, unless initiated by the user.

5. Power down
The unit is switched off by depressing tbl/OFF button.

6. Pressure/Velocity ranges

Range selection is accomplished by rotating théctmtd the desired position shown by
the indicator mark. The initial selection of anytbé velocity ranges (m/s, ft/s and ft/m)
will cause the instrument to prompt for the Pitotrection factor, C, which is set using
the CONTR control. This prompt is only displayedridg the initial selection of the

desired velocity range. See section C for detHilhe velocity ranges are being used to
measure velocity of gas exiting a nozzle, then Clmaleft at the default value of one. If
the nozzles discharge coefficient is known, thengtjuare root of this coefficient may be
entered as C (prowded it ranges from 0.75 to 1 Bé)ectlon of a veI00|ty range for the

oEIL Lo i If veIOC|ty measurements are deslred Walt
approxrmately 3 seconds to enter this option. Tidopm a duct (flow) survey, press the
ZERO button. See section C for details on ducteysyv

7. Temperature and Relative Humidity measurement

Temperature is measured by the K-type thermocatglecan be inserted into a duct or
attached to a velocity probe while testing. Foruaate measurements the tip of the
thermocouple should be exposed to the flow direstlyit can measure the stagnation
temperature. The exposed tip of the thermocoupideial for measuring in gases. Care
should be taken to avoid direct contact of thentifh metal or liquids. If the instrument is
operated with the thermocouple disconnected thenntleter will display a standard
temperature of 7% (21.TC).

The relative humidity is measured by the plastitadeable probe shown in Fig. B7. If
measuring relative humidity in a location such akiet, the probe tip is inserted into the

11
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duct. For insertion of the relative humidity prab& gas streams, it is necessary that the
gas is clean and free of contaminants. If the isatumidity sensor is disconnected the
instrument will assume a value of 0% relative hutyid

Fig. B7 Relative Humidity probe

CAUTION: Themaximum immersion temperature of the RH probe iS@%185F).
The relative humidity probe must only be insertextoi clean,
uncontaminated gas streams.

CAUTION: Turn off the instrument before connecting or distecting the
temperature or RH probe.

8. Damping
Rotating the control varies the damping from a B tas indicated bF 1 to F iz on the
upper right hand portlon of the dlsplay see FB]]S B4. Damping is achieved through

damping feature is used When measurlng unsteadputﬂatlng pressures. For the
FKT1DP1A-SV model, rotating the DAMP control fultjockwise selects the statistical
calculation of the standard deviation for pressureelocity (depending on the RANGE
setting). See point 11 below.

9. Zeroing

The FKT series has fully autonomous auto-zeroingpaut the need to disconnect from
the pressure source. This feature activates everyngtes. However, the user can initiate
the auto-zero cycle at any instant by depressiagZtBRO button. It is necessary to keep
this button depressed until the display indicaked the instrument has entered the auto-
zero cycle. The display will indicate that the aggato digital converters are calibrating,
followed sequentially by each differential presstremsducer (as installed). If the range
of a differential transducer is exceeded, the FKiies will automatically enter the auto-
zero cycle to equalize pressures across the ditiatgpressure transducers, so lessening
the possibility of permanent damage to the transdudNhen performing a duct survey,
the auto-zero function is suspended, FKT1DP1A-S\dehonly.

10. Specific heat ratioy
The FKT 2DP1A-C model allows measurement of gasargl using a Pitot tube with
correction for gas compressibility effects. Valudsy ranging from 1.1 to 1.8 may be
selected by rotating the control, see Figs. B3 and B4. Air typically hayvadue ofy=
1.40. If the gas molecular weight is set to theadkf(i.e. for Air, see point 4 above)
during the instrument initialization cycle, thgnis automatically set to 1.40 and the
y control is subsequently deactivated.

12
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11. Standard deviation, s1
The FKT 1DP1A-SV model allows calculation of tharslard deviation of measured
differential pressures or calculated velocitiestriing the DAMP control fully clockwise
enables real time calculation of the sample stahdaviation (Sx) for sequential series of
sampled data. The calculation is indicated by émacement of thF¥ symbol bys1 on
the top right of the LCD screen. Additionally, dageng on the RANGE selected, will
be replaced by ori! by =Li. The sample standard deviation is a measure of the
precision or dispersion of the readings about teatmThe FKT 1DP1A-SV calculates it
using sequences of 36 samples (N=36) using theularm

Sx= Li(x- -X)?
N-1G" .
The uncertainty interval (the region in which wéreate the true value to lie) for a given

uncertainty (e.g. 90%, 95%, etc) may be written as:

X =X*£t, ,;SX

where x is the estimated interval of value P%. For thev8kie calculated by the FKT
1DP1A-SV, the estimated intervalcan be calculated using:

X =X+Sx  (68.3% probability)
X =X+2Sx (95.5% probability)
X =X+3Sx (99.7% probability)

Thus to a 95.5% confidence interval it may be etgub¢hat the measurement will lie
within the interval given by =x+ 2Sx, similarly for the other probability intervals. &h

variance of the distribution of the mean valuesaf@ingle finite data set can be estimated
by calculating the standard deviation of the me&ms,which is simply calculated using:

JN 6

The estimate of the true mean value (x’)is nowestats:

(for N=36 samples)

X=X=*t, ;X

where x is the estimated interval of value P%. For thev8kie calculated by the FKT
1DP1A-SV, the estimated intervalcan be calculated using:

X=X+ X (68.3% probability)
X'=X+2X (95.5% probability)
X'=X+3X (99.7% probability)

The use of these expressions is best illustratezkagnple.
Pressure measurements are taken. The FKT 1DPlAi§Vags a sample standard

13
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deviation ofzF - (= Sx) (note that the instrument will continuadlisplay
new estimates for Sx as sequences of 36 sampleacql:ered) Measurement of the
pressure has indicated a valué-efi i ‘# (=X). When estimating pressures or
velocities to be _____ used in conjunctlon W|th standdeiation estimates, the DAMPing

""" ; the number of samples used to calculate the press velocity
should be the same as the number of samples usdddate the standard deviation. If
performing a duct survey, the average volumetouwftate flux (i.e. the volumetric flow
rate per unit area) will be displayed (see Sed@idi followed by the standard deviation
(if this function has been enabled, Section C4).

So we may estimate

x =10.375%Pat 0.082%kPa (68.3% probability)
x, =10.375%Pa+ 2x 0.08kPa=10.37%Paz 0.164Pa (95.5% probability)
¥ =10.375%Pa+ 3x 0.08Pa=10.375%Pax 0.246kPa (99.7% probability)
and

X'=10.37%KPat

0'282 kPa=10.37%Pat 0.013&Pa (68.3% probability)

0.082

X'=10.37%Paz 2x kPa=10.37%Pazt 0.027XPa(95.5% probability)

x'=10.37%Paz+ 3x 0.082

kPa=10.37%Pazt 0.041kPa(99.7% probability)

The data may be interpreted as follows: For thesmnesments above, the true mean value
(x) of the 36 data points should lie between 10K3a and 10.402kPa with a 95.5%
probability, similarly for the other probabilitie.an additional data point was recorded
(i.e. a 37 sample) it should, within a 95.5% probability Neithin 10.211kPa and
10.539%kPa (. Note that xis an estimate of the uncertainty of each sangyld,x’ is an
estimate of the uncertainty of the true mean vafithe measurement (it defines the
interval in which the average of the 36 samplesukhdie). For most engineering
applications, x’ has more significance. When inveyrmode (Section C4), the sample
standard deviation of each survey point can berdecb These standard deviations are
then statistically summed (by the FKT 1DP1A-SV) yeld the sample standard
deviation, Sx, for the entire survey, see sketdbvbe

S ——~01

The pooled standard deviation of the means (x’) rtfegn be calculated using the
eguations above.

12. Humidity Ratio, W
The FKT 1DP1A-SV model calculates the humidity saffhe humidity ratiol:, (also
referred to as moisture content or mixing ratio)his mass of water vapor per unit mass
of dry air. The ratio is calculated and displayrckg of water vapor/kg dry air or Ib of
water vapor/lb dry air (the value is the same). t&rior this measurement are not
displayed on the LCD screen.

14
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C. USING A PITOT STATIC TUBE FOR VELOCITY MEASUREME NT
1. Overview
In this section, use of a Pitot Static tube, injooation with the FKT series instrument
will be explained. The Pitot Static tube allows tHigect measurement of dynamic
pressure allowing calculation of the gas veloaitglucts, pipes wind tunnels etc.

2. Measurement of Velocity
A Pitot Static tube is shown in Fig. C1.

Static pressure ports

R
_—

Total pressure port

Static pressure barb (P-)

%:/

\Total pressure barb (P+)

Fig. C1 Generic Pitot Static tube configuration.

The Pitot Static tube measures the total pressuranjpact pressure) at the nose of the
Pitot tube and the static pressure of the gasmtagaside ports. The difference of these
pressures, i.e. the dynamic or velocity pressuig4R) varies with the square of the gas
velocity. Thus the gas velocity may be expressed as

Pd namic
Vias = e (1)
\/ P

wherep is the gas density and C is a correction factgeddent on the design of the
Pitot Static tubeNOTE: This equation is typically valid for incompresshlconstant
density) flow. High velocities (V) will lead to imeasing errors as shown in Table 2.

Table 2 Velocity error due to compressibility (Eic=constant)
V, m/s (ft/s | 25(82)| 50 (164) 75(246) 100 (32B) 125(410) 1@P)| 200 (656) 250 (82
Error, % | +0.07 | +0.27 | +0.59 +1.06 +1.66 +2.40 +4.28 +6.7}4
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If data for a particular Pitot tube is not availgbthe factor C may be estimated. This
factor is dependent on the spacing of the Pitoegubtatic pressure ports (see Fig. C1)
from the base of the Pitot tube’s tip and the stea@nter line. Prandtl type Pitot tubes
typically have factors C close to 1. Figure C2 shidle effect and error of the location of
the static pressure tappings on the static presstoe

The lower line gives the static pressure error @aged with the distance of the static
ports from the base of the tip, expressed in diarsefThe upper line presents the static

Standard Round Junction Pitot Static Tube

Static Pressure Error,
% of dynamic pressure
J I A
—
1
1
)
1
1
[
1
]

/
/

0 4 8 12 16
Distance from Pitot Static Tube base of tip,
or centre-line of vertical stem to
static holes, Diameters (xD)

Fig. C2 Effect of static pressure hole location &m Pitot Static Tube stem
or tip

pressure error due to the distance of the statits dexpressed in diameters) from the
stem center-line. The use of Fig. C2 to find theda C for a given Pitot Static tube will
be illustrated with an example.

Example:
A standard round nose Pitot Static tube has staifices located 2D from the
base of the tip and 10D from the stem’s center-fbat is the correction factor
C? From Fig. C2, the tip error is —1.4% and thensteror is +0.8%. The net error
is —0.6%. Thus the indicated dynamic pressure kelltoo high. The correct
dynamic pressure and velocity is then:
Paynamic-correct(1-0.6%/100%)=0.994 and

Vcorrect= v 0.994 Windicated = 0.997\hdicated
Thus by inspection, for this tub&,= 0.997

16
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To simplify determination of the factor C, Tablenfy also be used, which shows the
factors for various Pitot tube geometric variatigios a standard round junction tube).

Table 3 Pitot Static tube correction factor C

Dist from

it o XD 5 | 25| 3 | 35| 4 | 6 | 8 | 10| 12| 14 | 16

Stem, xD
2 1.023] 1.025] 1.026| 1.028| 1.029] 1.030| 1.030] 1.030] 1.030] 1.030] 1.030
4 1.006] 1.007] 1.009] 1.010] 1.012] 1.013| 1.013] 1.013| 1.013] 1.013] 1.013
6 1.001] 1.002| 1.004] 1.005| 1.007| 1.008| 1.008| 1.008| 1.008| 1.008] 1.008
8 0.998| 1.000| 1.001| 1.003] 1.005| 1.005| 1.005| 1.005| 1.005| 1.005| 1.005
10 0.997| 0.999| 1.000] 1.002| 1.003] 1.004| 1.004| 1.004| 1.004| 1.004] 1.004
12 0.996 0.998| 0.999| 1.001 1.002] 1.003] 1.003] 1.003| 1.003| 1.003| 1.003
14 0.996| 0.997| 0.999| 1.000] 1.002 1.003] 1.003| 1.003| 1.003| 1.003] 1.003
16 0.995| 0.997| 0.998| 1.000] 1.001 1.002| 1.002] 1.002| 1.002] 1.002] 1.002
18 0.995| 0.996| 0.998| 1.000] 1.001] 1.002] 1.002] 1.002] 1.002| 1.002] 1.002
20 0.995| 0.996| 0.998] 0.999] 1.001] 1.002] 1.002] 1.002] 1.002] 1.002] 1.002

The velocity indicated by the FKT series instrumewuld then be corrected by
multiplication by C (for a non-unity Pitot Statiakte). This correction is automatically
performed by the instrument after storage of tlogofaC, see below.

Storing the Pitot tube Correction factor, C

Storing C is easily accomplished. The first timiigfapower up) that a velocity range is
selected will cause the FKT to enter the Pitot exiton interface. To set C, rotate the
CONTR control until the desired value is display&d.store this value, press the ZERO
button. Values of from 0.75 to 1.00 can be storegyesentative of most Pitot tubes.
Subsequent selection of any velocity range will caise the instrument to enter the Pitot
correction interface. All velocities displayed biyet instrument will incorporate the
correction factor C. After setting C, it may be esgary to reset the LCD screen contrast
(using the CONTR control).

Taking Measurements with the FKT Series

To measure velocity with the instrument with theajest accuracy, it is necessary to
measure the target gases absolute pressure andrégurp as well as Relative Humidity,
to allow the FKT series to calculate the correct gas densityis ik achieved by
connecting a length of silicone or Tygorubing from the Pabport to a wall static
pressure tap (or averaging ring) at the measurempeint location. Alternatively, the
Pabs port may be connected to the static portFofat Static tube, provided €1 for the
tube. RH is measured by partially inserting the Rbe into the duct/wind tunnel etc.
NOTE: to avoid errors when using the FKT 2DP1A-C sef@scompressible velocity
measurement, it is necessary for the tip of thentbeouple to be directly exposed to the
flow. The thermocouple and RH probe should be asechs possible to the Pitot probe
taking the speed measurements. Only one velocibtyldhbe measured at any instant
using the FKT 2DP1A-C series (i.e. although boffedéntial transducers may be used to
read two different velocities simultaneously, timsy cause potential errors in the
displayed value of T and RH) for speeds above 8(a&/aft/s).
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CAUTION: Themaximum immersion temperature of the RH probe iS@%185F).
The relative humidity probe must only be insertextoi clean,
uncontaminated gas streams.

CAUTION: The FKT series are not suitable for use withdaxi corrosive gases or for
liquid pressure measurement.

—

CAUTION: If the FKT series instrument is used in a flow whilgh-particulate conten
fillers must be installed on the tubing between tvebe and the
instrument. Any unused ports should be covereldefambient around the
instrument is also dirty.

174

CAUTION: Always connect the tubing and probe to the instminfest before
inserting the probe into the flow. This preventsitaminants from filling
the tubing.

Measurement starts with attachment of silicone yajoft” tubing to the Pitot Static tube
and the pressure transducer of choice. The P+ ctianebarb of the transducer is
connected to the Total pressure port of the Pitbétand the Static pressure port of the
Pitot tube is connected to the transducers P- lwamnection, see Fig. Cl. The
appropriate transducer for the expected velocitygeashould be used for maximum
accuracy. However, if in doubt as to the expectebbarties, use the largest pressure
range available to avoid overloading. If using €T 2DP1A-C series, the ratio of the
specific heatsy, must be set. If the target gas is Air, the vabiey (= 1.40) is
automatically stored during the initialization segae and thg control is deactivated.

The Pitot Static tube can then be carefully ingkno the gas flow. It may be necessary

to drill holes into the ducting for insertion. Tlabsolute pressure, temperature and RH

must be measured simultaneously with the diffea¢émdressure measured by the Pitot

Static tube for best accuracy. The supplied T-tsplitter can be used to connect the

static port of the Pitot Static tube to the P- padrthe differential pressure transducer as
well as the Pabs absolute pressure transducer, see

the sketch below. A Pitot Static tube with C of

— D approximately unity should be used when this type

of connection is employed.

In many applications, the ambient density may be
/ close to the target gas density. This can readily b
Pabs determined using the FKT series by recording the
ambient density (displayed continuously), followed
T by the target gases density. The density will be
calculated and autonomously presented by the FKT
/ P- series through measurement of absolute pressure,
% temperature and RH. If the density is comparable,
T barb then simultaneous measurement of target flow
Splitter density is unnecessary, i.e. the thermocouple and
P+ RH probe can be left out of the test area.
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3. Pitot Static tube duct surveys
If average duct velocities, or mass or volumetiogvfrates are required, it is necessary to
perform a Pitot traverse of the duct. This involweking measurements at various
positions across the duct. Before a traverse iglucted, it is necessary to select a
suitable location to perform the survey. If possjladvoid traverses close to fans, dampers
pipe bends, expansions etc. Try to survey at [Badtict diameters downstream of the
aforementioned elements and 2 duct diameters @pstod these elements. The survey is
performed with the aid of Fig. C3. Either tl@&entroids of Equal Areas or Log-
Tchebycheffpoint distribution may be used. A survey proceasifollows:

1. Decide on the number of survey points and tharkrthese on the Pitot tube
using a marker or adjustable spring clips (presargome Pitot Static tubes).

2. At the selected survey location, drill two pergieular holes in the duct (for a
round duct) or the desired number of holes for@daregyular duct, ensuring
sufficient hole clearance to safely insert the Paiatic tube.

3. Partially insert the thermocouple and RH praban additional hole located
close to the previously drilled holes. You can d@itahem to the Pitot if
desired.

4. Connect Pabs to a static pressure tap/ring tbodee survey location, or use a
T-barb to connect to the static Pitot tube pom, Skeetch above.

5. Carefully insert the Pitot Static tube into tthect and position at the first
traverse location. Ensure that the Pitot Statie tigbaligned with the axis of
the duct using the alignment guide on the tuberatesence.

6. Wait for the readout on the display to stabilifethe readout continues to
oscillate increase the damping (DAMP). If the magpe of the oscillations is
greater then 25%, then another measuring pointlgHmei considered as the
results may not be representative.

7. When stabilized, record the desired reading(s).

8. Move the Pitot Static tube to the next traveggnint and repeat 5 and 7 until
the traverse is complete.

9. Repeat points 5-8 for the other traverse lonatio

Once the traverse has been completed, the voluretd mass flow rate through the
duct can be calculated as follows:

Volumetric flow rate (Q)

Q= Aur DV,

where: Auctis the duct cross sectional area.
n is the number of points (total number of posusveyed).
Vi is the indicated velocity at each measurementtpoin

Thus, using &entroids of Equal Areasor Log-Tchebycheff point distribution allows
the velocity measurements to simply be summed aechged.

’ For specifics regarding validation of surveys, #te, following references are suggested: (1) ASHR¥IB8.Practices for measurement,
testing, adjusting and balancing of building hegtimentilation, air-conditioning and refrigeratisystemsStandard 111-1988, Atlanta, GA and
(2) AABC. 1989 .National standards, %ed., volume measuremerif¢ashington, D.C.
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Mass flow rate n):
, 1
m= ,[Q = Abuctﬁzpvi
i=1

where:p is the density of the gas in the duct.

NOTE: Assuming fully developed turbulent flow with Iaair swirl (rotation), i.e.
after a long section of duct, the average ductorglanay be estimated using
a single Pitot reading at the center of the dulse dverage velocity is then
approximately 0.9 of this reading with an accuraty5%.

Guideline§?® suggest that for a velocity distribution to be egtable, 75% or more of
the velocity measurements must be greater thendfd®e maximum measured velocity
of the survey.

. Using the FKT 1DP1A-SV for Surveys

The FKT 1DP1A-SV can be used independently to perfesurveys of ducts. The
instrument performs the integration of the data pmres$ents the volumetric and mass flux
for the duct surveyed in real time. To determine Wolumetric or mass flow rate it is
only necessary to multiply the indicated value lba dlisplay by the duct cross sectional
area (at the measurement station) in the apprepuiaits (ni or f?). See section 3 above
for details on performing the survey.

To select the survey mode; a) if the RANGE conigaet on either kPa, in®, mmHg

or psi, then turn the RANGE control to the desivetbcity or flow rate unit or b) if the
RANGE control is set to either m/s, ft/s or ft/myrt the range control to any pressure
unit, then turn it back to the deS|red veIOC|tyror/v rate un|t The screen WI|| dlsplay the
prompt i ull ! O EdF To
perform a survey press the ZERO button wrthrn apmnately 3 seconds of the |n|t|aI

I . I (or
et ) Rotate the CONTR control cIockW|se to seIecbmrd duct or anti-
cIockwrse to select a rectangular duct Press ZEF{@ subsequent screen WI|| prompt

: { A value of N ranglng from 3 to 12 pomts WI|| Idcsplayed

dependlng on the CONTR pre-set. For a rectanguietr M is the number of Points/Row.
For a round duct, N is 2xPoints/Radius (i.e. th@wltommumber of points along one
diameter). Set N using the CONTR control. Press @E®& store N. The instrument will
dlsplay the number of pomts stored The surveyzesu:rwnl then be dlsplayed L

I LE The survey |ndex, ! |nd|cates row x pornt y For a
rectangular duct surveyed with a 4 X 4 gnci; “» .5+ would indicate that the
Pitot should be positioned at th&'2ow, and the 4 point along the row. If the flow
appears unsteady, the DAMPing can be increased tatireading stabilizes. If the
standard deviation of the survey is required, tamDAMP control fully clockwise. The
¥ symbol on the top right of the screen will be aggld by: indicating that statistical
analysrs has been selected. The damping can stddpusted. The FKT 1DP1A-SV will
calculate the standard deviation for each survegtpmtil completion. For each survey

point, the calculated standard deviation of thesueament will be displayed followed by
20
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the measured velocity. These parameters are conistyicalculated. To store the value,
press the ZERO button. It may be necessary to kedgpressed for a few seconds until
the point index increases (showing the value hasn bstored). Note; the standard
deviation will not be calculated if this optionnst selected initially (i.e. Point (1,1)) to
avoid erroneous computation. Continue the survdyl ah points have been recorded.
The results will then be displayed. A sample scisaketched below

To determine the volumetric flow rate multiply timelicated Q/A value by the duct cross
sectional area at the measurement station in q@umeng units (e.g. mor ff).
Similarly, to determine the mass flow rate multiphe displayed m/A value by the duct
cross sectional area at the measurement statioariasponding units (e.g.%nor ft). If
the ff/m RANGE has been selected the results will usvaumetnc flux (Q/A) in
both standard ft/m (e.gi~ {1.-m) and actual ft/m (e.g:- L),
multiplication by the cross sect|onal area of thetdin & will glve the SCFM and
ACFM for the surveyed duct.

If the standard deviation option has not beencsete pressing the ZERO button will
clear the display and show the FKT resuming toldispelocity in the units determined
by the RANGE setting. If standard deviation optisiselected, the standard deviation for
the volumetric flow rate (Q/A) will be displayedegs Section B11 for use of this data). If
the ff/m RANGE has been selected the results will sHmNstandard deviation in both
standard ft/m (e.ge: 1'1.-') and actual ft/m (e.g: .-"11), multiplication

by the cross sectional area of the duct mwtll give the standard deviation in both
SCFM and ACFM for the surveyed duct.

A sample screen is sketched below

To resume functioning, press ZERO. The instrumeltprompt if the CONTR has been
reset.
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4-Point Example 6-Point Example

Rectangular Ducts — Centroids of Equal Areas
Points Distance from wall, x/W or y/H
4 0.125 0.375 0.625 0.875
5 0.100 0.300 0.500 0.700 0.900
6 0.083 0.250 0.417 0.583 0.750 0.917
7 0.071 0.214 0.357 0.500 0.643 0.786 0.929
Circular ducts — Centroids of Equal Areas
Points Distance from wall, x/D or y/D
6 0.043 | 0.147 | 0.296 | 0.704 | 0.853 | 0.957
8 0.032 | 0.105 | 0.194 | 0.323 | 0.677 | 0.806 | 0.895 | 0.968
10 0.026 | 0.082 | 0.146 | 0.226 | 0.342 | 0.658 | 0.774 | 0.854 | 0.918 | 0.974
12 0.021 | 0.067 | 0.118 | 0.177 | 0.250 | 0.356 | 0.644 | 0.750 | 0.823 | 0.882 | 0.933 | 0.979
Rectangular Ducts - Log-Tchebycheff
Points Distance from wall, x'W o y/H
5 0.074 0.288 0.500 0.712 0.926
6 0.061 0.235 0.437 0.563 0.765 0.939
7 0.053 0.203 0.366 0.500 0.634 0.797 0.947
Circular ducts — Log-Tchebycheff
Points Distance from wall, x/D o y/D
6 0.032 | 0.138 | 0.312 | 0.688 | 0.862 | 0.968
8 0.024 | 0.100 | 0.194 | 0.334 | 0.666 | 0.806 | 0.900 | 0.976
10 0.019 | 0.076 | 0.155 | 0.205 | 0.357 | 0.643 | 0.795 | 0.845 | 0.924 | 0.981

Fig. C3 Traverse point for rectangular and circubr ducts. Either Centroids of

Equal Areas or Log-Tchebycheff point distributionscan be used.
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D. MAINTENANCE

1. Operational maintenance

* Ensure that the FKT series are kept clean, drydandot come into contact with
any corrosive elements.

* Do not spill any liquids onto the instrument whae tnit’s lid is open.

Do not use any solvents for cleaning purposes. [€ancsurfaces, wipe with a
clean dry cloth.

* When not in use, the pressure barbs must be cowatbdhe supplied silicone
tubing links to avoid dust and moisture contamunati

« When the low battery warning appears on the disgay, the battery pack should
be replaced.

» The FKT series should be returned to FlowKineticd™C, for calibration
annually.

2. Battery maintenance
The battery of the FKT series is changed as follows

» Check to ensure that the instrument is turned off.

* Remove the battery compartment cover plate.

» Carefully lift the battery pack out of the compagtmh

« DO NOT PULL ON THE BATTERY LEADS.

* Remove the battery snap (connector).

* Remove the old batteries out of the holder.

* Replace all the batteries with fresh batteries.cBeeful to ensure the correct
battery polarity as indicated on the battery hald2o not mix batteries of
different age, brands or types.

* Re-connect the battery snap to the battery pacleckCho ensure a positive
connection.

» Carefully insert the pack into the battery comparin

* Replace the compartment cover plate. Hand-tightenid anchor screws.

3. User Calibration
Caution: altering the factory calibration may affect thditwated accuracy of the FKT
series instruments, and thereby may remove anysrigiclaim against FlowKinetics™
LLC relating to product liability or to any consepiial damage to any third party. If in
doubt, return the instrument to FlowKinetics™ LL& talibration.

The differential transducers in all FKT instrumeraise factory calibrated against a
primary standard, a £0.05% of reading, dead wetigtier, prior to shipment. This dead
weight is referenced to standard gravity (980.6659mand corrected to local gravity
(979.343cmA. It is suggested that any user calibration shaidd a similar type of
primary standard to ensure accuracy. If desireglptiit can be user calibrated. As will be
seen, calibration is easily accomplished. Calibrais achieved by storing a correction
factor, Kcal, for each differential transducer. Shiactor can change the factory-
determined span of each transducer by up to +1%.is¢f determined that a correction
greater then this is required, then the instrumaut be returned to FlowKinetics™ LLC
for factory recalibration and maintenance. Theolwlhg sequence is suggested for
calibrating the instrument. Ensure that the FKTiruimeent has been powered up for at
least 10 minutes. Check that your primary calibratstandard is within operation
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specifications and is functioning correctly. Cotrear any differences between reference
temperature (60) and ambient temperature if using p@Hor mmHg. Also correct for
any differences in gravity between where the catibn is being performed and that of
the standard gravity of the dead weight testendtad gravity is 980.665cni/s

To perform the calibration:

1.

2.

Check the range of the differential transducers fland P3 - depending on
the model) in your FKT instrument.

For each differential transducer, or the transdigg¢erou wish to calibrate,
break up the pressure range into uniform intenets, for a 0.5psi (3.5kPa) (=
FS, full scale) transducer yaould apply pressure in 0.5kPa intervals (larger
intervals could also be used — a standard 4 pdalhbration consisting of
loading at£0.5FS and+0.9FS will suffice). If using a dead weight, your
weight set will determine the intervals that mayused. For this example,
pressures would then be applied from —3.5kPa, -3kP%kPa .. OkPa, 0.5kPa
to 3.5kPa. Positive pressures are applied by cdimgeg/our pressure
reference to the + barb, while negative pressuesaplied by connecting to
the — barb.

Connect your pressure reference to the transduceth® FKT instrument
which is to be calibrated. Ensure that all tubimdjrimly attached.

Apply pressures. For each applied pressure (asureshsr imposed by your
pressure reference — e.g. a dead weight) reconsdieated pressure from the
FKT instrument. You can either copy this down frdme LCD screen, or use
FlowScanV to record the instrument outputs.

You will then have data of the form (for example Ri): Note that the units
of Pref and Pmamustbe the same. Pressures can be applied in eitl®er kP
inHO (@60F), mmHg (@660F) or psi. Note the temperature reference,
60°F, for the inHO and mmHg units.

Pref, kPa Pman, kPa

These are the pressures y | These are the displayed
apply or measure using yc | pressures from the FKT
primary reference instrument

-3.5 -3.480

-3.0 -2.990

-2.5 -2.501

-2.0 -2.000

-1.5 -1.496

-1.0 -0.999

-0.5 -0.498

0.0 0.000

0.5 0.502

1.0 1.004

1.5 1.507

2.0 2.010

2.5 2.501

3.0 3.021

3.5 3.509
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6. For each transducer, plot this data as shown belata, for P1 presented:
4

3 . 2

Pref, kPa
o
®

o Pref = 1.0004Pman + 0.006
2 2 : RE=1

Pman, kPa

The solid circles represent the plotted data. Facxheplot, fit a linear
regression to the data points. In the example gbthwe form of curve fit
yielded, Pref=1.0004Pman+0.006 with a correlatioeficient (F) of 1,
indicating a good fit. The slope of this curve,tibe multiplier of Pman, i.e.
1.0004 is then the value which is inputted into ittrument, i.e. Kcal, for
this transducer. Repeat this procedure for all teaidhl transducers that you
wish to calibrate.

To input the corrections:
1. After powering up the FKT mstrument press the ZEFbutton when
prompted with the following: I e Dalibk Fress

2. The correctlon, Kcal, for transducer P1 can bebgabtation of the CONTR
control. When you have set Kcal to your calculatatiie for this transducer
press the ZERO button. The stored value will thenshown in the next
screen.

3. The display will then prompt for the user to set ttorrection for the next
transducer. Two correction factors will be inputted the FKT 2DP1A-C
model and three for the FKT 3DP1A. After setting final Kcal, it may be
necessary to reset the LCD screen contrast (UsehnG@GONTR control).

4. TO RESTORE FACTORY DEFAULTS When in the Calibration Interface,
a default Kcal value of.i. L 4 is always shown initially for each
transducer. Simply store thls value by pressing ZB&®RO button for each
transducer. This will reset the instrument to @story calibration.
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E. SPECIFICATIONS

Enclosure
The enclosure is UV protected, water resistant aimthially unbreakable with the
following dimensions and mass:

Length: 8.7in (220.9 mm)

Width: 7.5in (190.5 mm)

Height: 3.9in (99.1 mm)

Mass: 2.931b (1.33 kg)

Working Temperatures

Operating: 32F to 122F (0°C to 50C)

Storage: 1% to 140F (-10°C to 60C)

Power Supply

Source: Included 10Q)¢ - 240Vac wall adaptor or 8 x 1.5V AA Alkaline
batteries, field replaceable.

Battery life: 30hrs approx. (batteries not incldde

Pressure Connectors
Barb, 0.41 in (10.45 mm) high by 0.19 in (4.9mmardeter. Accepts 1/8 in ID flexible
tubing.

Differential Pressure Transducers

Zero offset and zero temperature shift eliminatedugh auto-zero.
Accuracy: +0.1% typical £0.22% max) of Full Scale at 25
Media: Clean, dry, non-corrosive gases.

Absolute Pressure Transducer

Range: 2.21t016.7 psi (15 to 115 kPa)

Accuracy: +0.5% of Full Scale typical (0 to 86). Includes effects of
linearity, temperature and pressure hysteresisy re@mperature
shift and span temperature shift.

Media: Clean, dry, non-corrosive gases.

Damping
User selectable from 1 to 64 data averages.

Temperature (detachable probe)

Type: K-type wire thermocouple.

Range: -7 to 482C (-100F to 906F). The FKT instrument can work
with other K-type thermocouples and can display peratures
from -200°C to 777C (-328F to 1430F)

Accuracy: +1.8°F &1°C) typical at 25C
Connector type: Miniature connector
Cable length: 60 in (150 cm)
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Relative Humidity (detachable probe)

Range: 0% to 99% Relative Humidity, non-condegsi
Storage: 0 to 90% Relative Humidity, non-condegsin
Accuracy: +2% typical @ 25C, non-condensing
Hysteresis and

Repeatability: +1.3% typical

Stability: +1% typical

Response time (1/e): 15 sec in slow moving aibaC2
Temperature Range: -Z©to 183F (-40°C to 85C)

Probe size: Cylinder 4 in (100 mm) long with ardeter of 0.5 in (13 mm).

Cable length: 60 in (150 cm)

Display

Description: 4 line large character variable casttialphanumeric LCD

Viewing area: 4.02 in (102 mm) by 1.63 in (41.5 )nm

Pressure units: kPa, in@ (inH,O @ 16°C (60°F)), mmHg (mmHg @ 16°C
(60°F)) and psi.

Velocity units: m/s, ft/s and ft/min.

Temperature units:  degrees C and degrees F

Density: kg/mi and Ib/ft

Humidity: Percent relative humidity

Output

RS232 serial port interface, 9 pin connector. U88pder available.
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F. UNIT CONVERSIONS

Rows: units converting to Columns: units converting from

PRESSURE CONVERSION TABLE
- ' mH20 psi inHg mmHg mbar Pa
mH20 1 1.42233 | 2.8959 | 73.55592 | 98.0665 | 9806.65
psi 0.70307 1 2.03602 | 51.71493 | 68.9476 | 6894.757
inHg 0.34532 | 0.49115 1 25.4 33.8639 | 3386.388
mmHg | 0.01359 | 0.01934 | 0.03937 1 1.3332 | 133.322
mbar 0.01019 | 0.0145 | 0.02953 | 0.75006 1 100
Pa 0.000102 | 0.00015 | 0.000295 | 0.0075 0.01 1
VELOCITY CONVERSION TABLE
t
from ° cm/s ft/s m/s km/hr knots mph
cm/s 1 0.03281 | 0.01 0.036 | 0.01943 | 0.02237
ft/s 30.48 1 0.3048 | 1.097 | 0.5925 | 0.6818
m/s 100 3.281 1 3.6 1.943 | 2.237
km/hr | 27.78 | 0.9113 | 0.2778 1 0.5399 | 0.6214
knots | 51.48 | 1.688 | 0.5148 | 1.852 1 1.151
mph 44.7 1.467 | 0.447 1.609 | 0.869 1
FORCE CONVERSION TABLE
t
fom~1 N |poundal| ozf Ibf Kip kgf
N 1 7.233 | 3.597 | 0.225 [0.00022| 0.102
poundal | 0.138 1 0.497 | 0.031 [3.11x10°| 0.014
ozf 0.278 | 2.012 1 0.0625 [6.25x10°| 0.028
Ibf 4.448 | 32.258 16 1 0.001 | 0.454
kip | 4545.45 | 32154.3 | 16000 | 1000 1 453.594
kgf 9.806 | 71.428 | 35.714 2.2 0.002 1
DENSITY CONVERSION TABLE
from © kg/m® | slugs/t® | Ib/ft®
kg/m?® 1 0.00194 | 0.0624
slugs/ft® | 515.3788 1 32.17096
Ib/ft> 16.02 0.03108 1
MASS CONVERSION TABLE
t
from ° kg g slug b
kg 1 1000 | 0.0685 | 2.205
g 0.001 1 6.85x10°| 0.0022
slug | 14.594 |14593.9 1 32.174
Ib 0.454 | 453.59 | 0.031 1
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TEMPERATURE CONVERSION TABLE
CONVERT FROM CONVERT TO FORMULA
Fahrenheit Celsius (F-32)/1.8
Fahrenheit Kelvin (F +459.67)/1.8
Fahrenheit Rankine F + 459.67
Rankine Kelvin R/1.8
Rankine Celsius (R-491.67)/1.8
Rankine Fahrenheit R - 459.67
Celsius Fahrenheit (1.8xC) +32
Celsius Rankine (1.8 xC) +491.67
Celsius Kelvin C +273.15
Kelvin Rankine 1.8xK
Kelvin Fahrenheit (1.8 xK) - 459.67
Kelvin Celsius K-273.15
LENGTH CONVERSION TABLE
from ° m mm mile yard ft in
m 1 1000 0.0006 | 1.0934 | 3.281 39.37
mm 0.001 1 6.21x107| 0.0011 | 0.0033 | 0.039
mile 1609.3 |1.61x10° 1 1760 5280 63360
yard 0.9146 | 914.4 | 0.0006 1 3 36
ft 0.3048 | 304.8 | 0.0002 | 0.333 1 12
in 0.0254 25.4 [1.58x10™| 0.0278 | 0.0833 1
S| PREFIXES
Prefix multiplying factor
tera (T) | 1 000 000 000 000
giga (G) 1 000 000 000
mega (M) 1 000 000
kilo (k) 1 000
milli (m) 0.001
micro (W) 0.000 001
nano (n) 0.000 000 001
pico (p) | 0.000 000 000 001
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