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Measurement Fluctuation

Inlet Pressure (ps) 2.00%"
Discharge Pressure 2.00%*
Orifice Differential Pressure 2.00%
Orifice Temperature 0.50%
Inlet Temperature (Ts) 0.50%
Speed (N) 0.50%
Torque 1.00%
Specific Gravity, Test Gas (SG) 0.25%
Electrical Power Output (Gen Sets) 2.00%
Torgue 2.00%
Power Factor 2.00%
Speed (Gas Producer, Power Turbine) 1.00%
Site Barometric Pressure 0.50%
Air Temperature at Intake 4oF **
LHV of Gas Fuel 1.00%
Pressure of Gas Fuel 1.00%
Exhaust Back Pressure (abs) 0.50%
Air Inlet Pressure 0.50%
Exhaust Temperature BeF

Fuel Consumption 2.00%

= Especially for low pressure ratio compressors, 1% should be used.
" = Solar requires 1°F

dwlo (G0 Jgo,8 4 axgi b all ol oo Uas b lg5 dislons a5 098 o0 el ba g (glla>
e lade 0g sols iales FLI, 9,5 ol 510,80 plol Uas 5 JBT cligas &80 g olgs
129 (o0 dmloe i adal,

¥4



i
Tu,

(=)

ﬂf 2 ﬂf 2 2
DF = _|(Du,——)” +(Du,——)” +...+(Du
\/( ulﬂul) *+( uzﬂuz) .t (DU, )

& GxS o3l Jiue Ojgar a5 009 (9,5 Ol See JEewe oyl )b uakaly ol o a8
L | L.S).‘S o)’L)J\ LS’LQ’ 6”45 dF Mb < LS)ﬂf o)’L)J\ u‘j».e‘?u 6”45 casaslis du 9 Hgud

gl (o8 dmle o adal) Sl ESgn SO 51 o]y

HR =W, =1V (F-)

shaft

(i 0970 olKiwd £9 a4y alunly Hlade cpl a5 Wl sasein slas (5.5 ojlwl Oligas oles
a3 g dnlne 23l (V1) s 3 380 dsmilno (612 o5 03l o ol Sligexs 5 (sl S
ol 00 03,91 Y=Y Jgo 10 lzwiw Lo b alaly 0 9590 (ol diges lgie

[\‘]Lao G5 o3l Sl o las Sglate Julge dmslio =Y-Y Jooo

oSt | RS ol | gl | s
o - - .y o Faege
AR PAY
oD oD o .y o JECION:
oD o o .y o JoS 905
0 o0 o0 .Y R RTD
SN YO < <Y - oled
(Infrared)

5 5> 51 Sy25 ASME PTC o,laibinl o cilizee Ll 5o Lo o pFoslail gl glice sl

39 g0 00l g y2 0)L)0 (5 paitue sy
ol g ail o (2500 Nm2/h) 1553 scfm L ply onls (6,05 ojlil Cogu (o0 5w Jlie jo
5o oRiubesl lawgy ool ynd JHlhm 55l el 009y Qoo <. D90y 288 il (6,5 o5l
S xS o3l g Jlade ail s do o 2 VD dgax o cds L (36940K)/nm3) 940 Btu/scf sgu



SaS 4y sl 0093 wuo,0 Vs L (13410 hp) 10000KW sga> )0 jgige (25,5 il [ oo
g 1y ey adaly lg o0 YL Ll

W, ,LHV -
DHR = (DWW )"+ (D(LHV) )7 # (0P oy 2" (r=r)

shaft shaft shaft

quel

Dgad s ) oal adgr Ol Jlade cdo ngs‘soﬁoté.o SIS L

DHR = 207 N =320 (f-¥)
KWh

English(o SI(! &l s Jlovs) cuas el 10 Slawlxo jo <88 pus F-Y Jgu

Case 1: Ideal Case
g

Input Paramatar Valua Al A Paveer-in AT
MY, Fusl Flow [kgis] | 0.60 1 300 0.002
HY, Hzating value [kdkg) 0000 0.3 30 0.001
Bawer-out [k S 323 1,55 0 0003

Performance Parameter Valug
Poral-In [ki] 50000 Tolal AFower [Y] Tolal A [#]
Turalng Efflclancy 0,207 1.04 1.71

" gl flew in given
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Case 1: Ideal Case
nput

Input Parameter Value Al%] 2 A Power-in Am
I, Fuel Flow [Ibm/s] ' 1.32 1 402 0.002
HV, Heating Value [Btu/lbm] 21496 0.3 121 0.001
Power-out [hp] - 8345 1.35 0 0.003
Performance Parameter Value
Power-in [hp] 40228 Total APower [%] Total An [%]
Turbine Efficiency 0.207] 1.04 1.71

" Fuel flow is given as a mass flow for npical natural gas.

2 . g ; . ; , . 7
"~ Power out is delivered power q_-‘“.‘:‘:‘rb:.?ze = absorbed _?O“'é‘f'fo}' C‘efi!."{ﬁfgﬁ'.‘ COMpressor.

" Input fuel flow is fypical for volumetric meter with density conversion or orifice meter .
Input heating value is typical due to gas sampling / gas chromategraph.

Output power uncertainty based on cal

culated power uncertainty of compressor for ideal case.
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! Radiation Thermometer
2 Thermocouple thermometer
3 Electromotive force
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Type Clﬁz‘ter Ran%ee ;fFUse,

(@) Radiation ther~ Ambient and

mometers 2 above
(b) Thermocouple

thermometers 3 ~300 to +4500
(¢} Resistance

thermometers 4 =450 to +1950
(d) Liquid-in-Glass

thermometers 5 =328 to +1110
(e) Filled System

thermometers 6 =400 to +1200
(f) Optical

pyrometers 7 Above 1300
(%) Bimetallic

thermometers 8 =200 to + 800
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R b
] ESIGN DETAILS
ZE! -;.{41....-« SETieNal
R ',j METHOD OF ATTACHMENT
(Vg gy IN ACCORDANCE WITH
., ASME CODES, MAY BE
% WELDED OR THREADED.
&
i A
o _:r"
7187
217
A TRANSITION FROM
Zin WELL 7O ATTACHMENT
ZiR/ SECTION SHALL A/G10
/ ¢ DS CoNTINDITIES
grey
11 M
2aRY%
AL
J 1 1
1
11 |
1)
; L/
Al TIP DESIGN MAY BE
Al [ ALTERED FOR INCREASED
11 1 THERMAL RESPONSE
s1R% PROVIDED THAT
%k DIMENSION"d"1S
a1 [ NOT EXCEEDED.
¥
1 E}_// aw
N +3
=

Js 5055 ,l5La V=Y S

Jlg g0y (owadd Olasuin £-Y Jou

TABLE 1.3 WELL DIMENSIONS, IN IN,

. Meminel Size of 5ensing Element
Dimenslon

1/4 378 916 11714 748

A (minimum) 13/16 15/16 1-1/8 1=1/4  1=7/16
B (minimam) 58 a/4 15/16  1-1/16  1-1/4
o {minimum) 254 0,479 0566 G51 Che bk 7ok
¢ (maximum) 0,262 0,887 0,575 0.700 0.R3A

a1 6l 0,8 518 by U3 50 Wb ogd ce 00l 418 Jage 5 J3Io 40 jguiw aSST 5l am
Slp 0,8 18 Gim Y 7, 10 jeuiw Sgi b el alils (5,5 o3lasl jo ollae C8o nulyl
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Pipe Diameter (inches) | Thermowell Depth (inches)

6 2.0

8 2.5-3.0
10 3.0-3.5

12 4.0

14 4.5-5.0

16 5.0-5.5

18 6.0
>18 7.5 minimum

Note: Above 18-inch diameter, a minimum depth of 7.5 inches from the inner
wall is enough to avoid pipe influence and breakage.
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Sensor Type Location' | Installation Calibration Device Acquisition

Hg Thermometer 010 c.20 €.03 0.03 010
Thermistor 010 020 0.10 0.05 0.08
Thermecouple 010 .20 C10 0,10 0,03
RTC o.10 020 0os 0.05 0.08
Infrared Sensor 040 £.20 Q.10 0.25 0.03

Lacation amor iz based on having four (4) aqually 2paced sensors in the pips and assumses uniform flow in the
pipa. For a singla sensor instellaion, the ocation uncertainty snould be multipled by four 4. For Teo (2)
s2nsers, the locaton vncerainty should ke multiplied 2y two (2], For highly non-uniform flow figlds these
valves may ks largsr

S 90 51 JBlas 518 98 s Sledbl 0l gl canl 0ulds slpain 1SO 2314 o jlaibnl jo
O 29 sl Gl faose ol 0ad (6,5 olail o e alS cel U ogd colawl loj o
5l oo il sae Ty slaws cpl g conl 5 Slhen o iin les g ey 5l g Lo Lo
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Measurement Uncertainty
Pressure 0.3 - 2.0% Full Scale
Temperature 0.3-4.0°C (0.5-7.5 °F)
Flow 0.5 - 2.0% of value
Torque 0.5 - 1.5% of value
Gas composition 0.2 — 3.0% of value
(Density, compressibility, gas constant,
specific heat, energy content)

Instrumentation Accuracy

Measurement Bias Uncertainty

Temperature below 200°F (93.3°C) 0.5°F (0.27°C)

Temperature above 200°F (93.3°C) 1.0°F (0.56°C)

Pressure 0.1%

Vacuum pressure Absolute pressure transmitters
recommended

Mass flow of fuel gas 0.8%

Y4



T (19 9 gyl 054> Juad

Types of Flow Transoicrers

There are many types of tlow transmitters —— some are used for bodh liquid
and gas flow mexcurement, while orhers are specifically vsed for ane fluid. The
fellawving rable idenrifies many af the ditferent rypes of flow rransmireees and
their use in Lquid. stearm, or gas servics, and if they measars actual flowe or

sy o,

Techrnology Liquids Steamn GEE Actual Flowr Mass Flow
Lrrarentla

Prezslrs X X X

Vortex b A b X

Turbire X ki X ®

MWlaggielic X X

Peeltive

Dlsplacemant = x 4

“arizble Area X X ® i
Corioliz X = i
LInrasanic X x X X
Thermal x kA

As shown, hers are many technologiss o mesane te Qe rale of gas Most
ol these mediscds peeasurs the Qow rate at die actual operaing pressuce and
temperartirs and J.'c-:|uir¢ pressure and tem peerafuire correctlon to obtain the

mass Flon

The tollowing discusses some of the common types of flow measurement:
Dillerznial Presure

Measuring the pressure diffcrcnce across a flow clamenn is the most commen
metbs] ol (lew memsurement. | ers are several bepes ol (low elemenis,
(hifice

The most comunon ow element s the orilloe plate as shown in Figre 1

rl:liﬁcrc ntial Prossure

Pressure
Reference
=
Diifice Plate
Figure 1 4



This method of flow measurement utilizes a proven technical concept called
“Bernoulli’s Equation.”™ This relation states that the pressure drop across a
flow restriction is based upon the square of the flow:

%
Flow = constant (i:,p)

The flow rate is based upon flow ar actual conditions.

The pressure drop across the flow element is proportional to the square of the
flow. If the pressure drop (ADP) is equal to “2”, and the flow rate doubles, the
pressure drop increases to 4a. If the flow rate wiples, then the pressure drop
increases to 9a. Therefore the signal strength increases as the flow rare
increases. At zero flow there is no signal, and the signal strength slowly
increases as the How increases as shown in the chart below. This results in
poor low flow sensitivicy:

18
16
14
12
10
a4
.
44
2

0 T T T T 1
0 0.5 1.0 1.5 2.0 25

Pressure Drop

Flow Rate

Basic limitations of this type of flow measurement are:

l. Limited turndown. A 3:1 turndown causes a 9:1 reduction in pressure
drop. A 4:1 turndown causes a 16:1 reduction in pressure drop. There
becomes a limit on the turndown ratio of any differential pressure
measurement instrument due to the DP transmitter. Some newer DP
transmitters permit turndown ratio as high as 8:1. However, this is
based on the maximum possible flow rate thar the flow element can
handle and does not necessarily reflect the user’s actual requirements.

[

Limited low flow measurement. There is a minimum flow rate,
which penerates a pressure drop thatr can be measured wich any
differential pressure measurement instrument. This is illustrared in
the above graph.
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3. Creares pressure drop. Because the flow measurement is based upon
measuring a differential pressure, the flow measurement requires that
additional pressure drop be added to the process, which increases
operating cost. The pressure drop created by the primary element is
frequently overlooked when considering operating cost.

4. Measures actual How rate. Any differential pressure flow device meas-
ures #he actual flow rase in ACFM. To determine the mass flow rare,
correction from acrual conditions to standard {mass) conditions is
required. To determine mass flow from acrual flow, it is necessary to
measure:

— Differential pressure
— Absolute pressure
— Absolute temperarure

These measurements are then sent to a flow compurer that calculares the mass
flow rate in SCFM, using the equations previously discussed.

Venturi

A venruri flow element is very similar to the operation of the orifice plate,
except that, due to the construction of the venturi, chere is a recovery of ener-

oy reducing the overall pressure drop. A typical venruri flow element is shown
in Figure 2.

Do A

Venturi Flow Element
Figure 2

While reduction in energy consumption is desirable, a venturi flow element is
considerably more expensive than an orifice plate; and, still suffers similar lim-
itations, with respect o low flow sensitivicy and sensicivity to changes in
process pressure and temperature.
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Averaging Pitor Tube

The averaging pitot tube can be an effective differential pressure measurement
device. It is an insertion device that measures the averape velocity across the
pipe as shown the illustration below. While this type of instrument is effective
for liquid and steam flow, it has limitations with air flow measurement, partic-
wlarly low flow sensicivity and turndown.

The flow measurement is based on determining the velocity pressure, which is
the difference berween the total pressure (measured on the upstream side) and
the static pressure (measured on the downstream side). The velocity pressure
provides an indication of the actual velocity ar the operating rtemperature and
pressure. The averaging pitot tube samples at various points across the pipe or
duct in order to reduce che effect of flow profile. Refer to Figure 3.

Total ——w 5
Prassure
Static
> 0" Pressure

| P P A

Averaging Pitot Tube
Figure 3

Vortex Shedding

This rechnology is well accepred for Aow measurement at high flow rates. The
principle of operation is based upon the shedding or the creation of vortices
from a blunt element. The instrument counts the number of vortices created;
and, through a known relationship, converts this to the actual fow rate
through the element. Refer to Figure 4.

High Veloclty Fluld

Vortex Shedding
i Figure 4



There is an empirical relationship between the number of vortices and the
flow rate. There are limitations when using this technology for measurement
of gas flow rates:

1. Vortex flow meters measure the actual flow rate, moving past the flow
element. To convert to mass flow, it is necessary to measure pressure,
temperature, and use a flow computer to calculate mass flow.

2. Minimum flow rate. There is a minimum fow velocity that generates
vortices. At flow rates below this minimum flow rate, the instrument
will not generate vortices. For many gas flow applications, the flow
rate may not be high enough to create vortices. This reduces the
ability to detect low flow rates and reduce overall turndown of the
instrument. This is a physical limitation that exists for all vortex
flow meters.

While vortex flow transmitters are occasionally used for high velocity gas flow,
their most common applications are for liquid or steam flow:

Turbine Flow Meters

Frequently used for air and pas flow measurement, turbine flow meters are
available as both an in-line body and an insertion probe.

The vanes of the turbine flow meter spin as the fluid moves — the greater the
flow rate, the faster the vanes will turn. Various methods are used to count the
pulse rate {number of turns) of the vanes.

Turbine meters can be accurate for measuring the actual gas flow rate; but,
like other devices, they require pressure and temperarure correction to obtain
mass How measurement. Turbine merers also have a minimum velocity that
they can detect, and may require some type of lubrication of the bearings.

Many applications for turbine How meters are for smaller, in-line flow bodies
where pressure and remperature are fairly constant.
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Ultrasonic Flow

Ultrasonic technology is used to measure the velocity of the fuid in a closed
pipe. The sensors can be either insertion type or a non-invasive type, which
clamp onto the side of the pipe. Multi path designs provide full coverage of
the flow in the pipe.

Originally closed pipe ultrasonic technology was used for liquid flow measure-
ment. Advances in the technology now permit it to be used for pas flow meas-
urement, where the acrual velocity in the pipe is measured. Some units will
also determine gas density, in addition to velocity, and calculare the mass flow.
These units tend to be extremely expensive.

Coriolis
Coriolis is a direct form of mass flow measurement, which does not rely upon
the physical properties of the fluid. When first developed, Coriolis low meters

did not have the sensitivity for gas flow measurement; however, the rechnolopy
has improved and Coriolis is now used to measure pas flows.

The advantage of Coriolis is that it is a crue, high accuracy, mass flow
measurement, independent of the properties of the fluid. Disadvancages are
that it is available only as an in-line device in sizes typically up to four inches.
Coriolis lowmeters are expensive to purchase and install. May not be suitable
for low flow, low pressure applications. Pressure drop across a Coriolis
flowmeter is also a consideration.

Pressure/ Temperature Correction

As previously discussed, many flow meters measure the actual flow rate rather
than the mass flow rate. In order to obtain a mass low measurement, it is nec-
essary to correct for the actual pressure and temperature. Figure 5 illustrates
what is necessary to obtain a mass flow measurement from a differential pres-
sure flow measurement device (the most common form of flow measurement).
The differential pressure across a flow element must be measured o obrain

the actual flow rate; then, the actual flow rate must be corrected for pressure
and remperarure. This requires three separate instruments to measure differential

o



pressure, pressure, and temperature. These signals are sent to a flow computer
to determine the mass flow rate. Thermal mass flow technology replaces all of
this with one instrument that directly measures the mass low rate of the gas.

Flonw

: h rfp S Computer
\J MaaalFlnw

I

Multi-Variable Transmitters

Actual to Mass Flow Conversion
Figura 5

A multi-variable transmitter combines the function of the three transmircers
(AR B and T) and the flow compurer into one wansmitter. The multi-variable
rransmirter measures the pressure and temperature of the pas, the pressure
drop and then calculates the mass flow

While only one 4-20 mA signal is generally available, measurement of the
other variables is available via HART communication. The functionality of
three transmicters in one device reduces the installation cost of differential
pressure mass flow measurement.

Multi-variable transmircers are frequenty used with averaging pitor tubes.
Turndown ratios up to 81 are obrainable. This turndown ratio is based on the
maximum allowable flow rate that the averaging pitot tube can detect. The
actual turndown rate for the user's specific application will be less, depending
upon the maximum flow the user wants to detect. Limitations in low flow
measurement capabilicies scill exist.

Multi-variable transmircers are also integrared into some vortex flow cransmit-
ters. These instruments measure the actual flow rate using a vortex; then, also
measure the pressure and temperature and provide a correction to mass flow:
These instruments tend to be rather expensive.
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Thermal Mass Flow

Thermal Mass Flow offers many advantages over other, more traditional,
methods of measuring gas fow.

1.

]

Mass flow measurement. Thermal mass flow transmitters provide a
measurement of the mass flow rate of the pas based upon heat trans-
fer. The gas flows past a heated surface creating a cooling effect. Heart
transfer is caused by the mass (or molecular) flow of the pas providing
a mass flow measurement. Correction of the gas flow rate for pressure
and temperature is not required.

Excellent low flow sensitivity. Thermal technology can measure veloci-
ties down to 25 standard feet per minute —much lower than any
other flow device. The hear wansfer rate is greatest atc low flow rates
and decreases as the flow rate increases. This makes this technology
especially sensitive for low velocity measurement.

Excellent rurndown. Magnetrols Thermal Mass Flow Transmiccer
offers the ability to measure che low velocities as well as high flow
rates. This can provide a turndown rate of 100:1 or more depending
upon the application requirements.

Low pressure drop. The insertion probe has little blockage of the
pipe, thereby, creating very low pressure drops.

Ease in installation. Using an insertion probe, the instrument can
easily be installed in a pipe or duct.

Factory Calibrated. Each instrument is calibrated by Magnetrol

for the application specific requirements and configured to the user’s
specifications. The instrument can be installed and placed directly
into service without any need for field set up, calibration, or
adjustment.

Lowest installed cost. When considering options to measure mass
flow, the TAL/TAZ has the lowest installed cost while providing excel-
lent performance. No additional instrumentation is required to obtain
a mass flow measurement.

Linear output signal. The TAl and TA2 provide an output signal
which is linear with the mass flow rate. Compare this against
differential pressure flow measurement which provides a non-linear —
square root curve of flow vs. signal which then must be linearized by

the user.
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Magnetrol offers two different thermal dispersion mass flow transmitters with
ditferent functionality to meet the users application requirements:

Model TAA Model TAZ2

-

The sensor used with Magnetrol’s Thermal Mass Flow Transmitters is illustrated
in Figure 6.

Reference
Sansor

Maas Balancing
Element __

TALTAZ Sensor
Figure &

The sensors on the TAL/TA2 are protected to prevent possible damage from
“bottoming out” when inserted into a pipe. This is an important considera-
tion if the probe is installed into the pipe with a compression fitting. There
are two sensors — a heated sensor (shown on the right) and a reference sensor
which measures the temperature of the gas. Precision matched Platinum
RTDs are used for the temperature measurement. A mass balancing element is
used to ensure that both sensors will respond the same to changes in temperature.

A
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