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Introduction
About FSAT

The Fan System Assessment Tool (FSAT) is a software program that helps quantify the potential
benefit of using a more optimized fan system to serve industrial processes. It was developed by
the U.S. Department of Energy to help people who are optimizing their fan systems.

FSAT needs only basic information about your fans and the motors driving them. It is a simple
but powerful tool that won’t take a long time to learn or use. Most users who have a basic
familiarity with fan systems can learn how to use the program in a few hours.

FSAT performs three main functions that can help you during the process of upgrading your fan
system:

1. Calculating how much energy your fan system is using
2. Determining how efficiently your system is operating

3. Quantifying savings from upgrading your system

Tips for effectively using FSAT

FSAT is a helpful optimization tool, but it requires that you have a basic understanding of fan
systems. Keep the following points in mind to get the most benefit from using FSAT:

o FSAT requires that the user have a basic understanding of fan systems.

o Thebest use of FSAT is to look at the big picture to see if there is an optimization
opportunity. Although the simplest use of FSAT is as a component-based tool for
analyzing fan efficiency, usually the greatest savings come from looking at your entire
fan system. The most efficient fans are sometimes installed with other components that
severely reduce the overall system efficiency.

e FSAT requires goodinput data in order to quantitatively evaluate the fan system.
Since collecting the data requires time and resources, you should first prioritize the fan
optimization opportunities in your plant qualitatively. Then use FSAT on the top three to
five opportunities in your plant.

e FSAT needs accurate measurement of the power used by the fan system. If you
don’t have qualified electricians or the equipment needed to safely measure power, ask
your utility for help, or contract with an expert.
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Input all data into FSAT before looking at results.

FSAT does not choose which fan type or size is best suited to your load. You will
need to consult with a fan expert to choose the best equipment.

The software analyzes fans that operate at one speed, or at one load point. If your
fan varies the airflow to serve changing process needs, you may need to run the software
several times to represent different operating scenarios.

FSAT will tell you optimization and savings potential, but it will not tell you what to
do to improve the system. System inefficiency could be the result of an improperly
selected fan, a poor inlet or outlet condition, or substantial loss across a damper. You
may need to consult with a fan expert to pinpoint the problem and engineer a solution.

To optimize the fan system, youneed a goodgrasp ofthe process requirements. In
many plants, flow requirements are not precisely known. You may need the assistance of
a fan expert to accurately assess process requirements such as flow and pressure.

Computer requirements

IBM PC compatible computer

CD-ROM drive

8 MB of RAM

Minimum of 15 MB of free hard disk space
Windows 95, 98, NT, 2000, or XP
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Getting Started

Starting and stopping FSAT calculations

FSAT performs calculations continuously, even when the input data has not been changed. This
may cause other applications to slow down. The black arrow under the Edit menu (=) indicates
that FSAT is performing calculations.

To stop FSAT calculations, click the STOP button located about half way down on the right side
of the screen. The black arrow will turn to a white arrow (=).

To restart FSAT calculations, click the white arrow (= ). The white arrow turns black (=),
indicating that calculations have resumed.

Collecting fan system information

In order to provide information about the potential benefits of optimization, FSAT requires some
basic data about your fan system:
e Type of fan and motor
Fan speed or diameter
Motor horsepower, speed, voltage, and efficiency (standard or energy efficient)
Duty cycle (how often the fan operates)
Electric rate
Power or current draw
Bus voltage
Drive type
Process flow rate
Fan static pressure
Gas density and compressibility

Use the FSAT Data Collection Worksheet (Appendix A) to help you collect this information.

Understanding the FSAT screen

The FSAT screen is divided in half. The left side of the screen is used for inputting data. The
right side of the screen is used for outputting and storing calculated results.

Input panels

e Fan and motor inputs. Fundamental data about the fan, drive, and motor.

e Operating parameters. Data about the fan’s duty cycle and electricity costs.

e Electrical power or current and drive inputs. Information about the power supplied to
the motor and the type of motor drive.
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e System inputs. Flow rate and static pressure are entered here.
e Gas property inputs. The density and compressibility of the gas are entered here. A
calculator is available to estimate these values if they are not known.

Output panel

e Calculated results. This section shows the results of FSAT calculations. A three-column
table provides information on the efficiency of the existing system, the existing system
outfitted with an energy efficient motor, and a fully optimized system.

e Log file controls. This feature allows you to store and retrieve screen data from different
FSAT runs.

e Summary file controls. This feature lets you store screen data from an FSAT run in a
text file that can be read by database or spreadsheet software. You can also append data
to an existing file.

Getting help

To activate FSAT’s help feature, select Show Help under the Help menu. Help text will appear
that describes the FSAT panel that the cursor is on or near.
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Inputting Data

Input Screens

Figure 1. Screenshot: Fan and Motor Information

Fan and motor inputs: Calculated Results:  Eyisting  Existing Optimal ~ Size margin (%) for al ais

Fan style [CENTRIFUGAL - Backward Curved (SISW) | fan, fan, fan,  optimal fan motor
= T motor  EEmotor EEmotor |“optimization rating |

Fan efficiency, % 53.1 53.1 74.9 - T04

Diaméﬁer' iFan diameter, in. ¥ 470 00
Fan confi guratmn Motor nameplate hp 350

Fixed Motor nameplate rpm § 1?80 Motor rated hp 350 350 300 | 20 80
= | = o 100
Molor ef. class (Average - [ motor shattpower,hp 3500 3s00 | 2481 | .
Nominal motor voltage, volts 3 460 | .
| = % : _ -
Motor efficiency, 95.3 95.8 959 Click for
Motor power factor, % 87.6 878 86.0 background
; v information
Electricity cost, centslkwhr 4.00 Motor current, amps 385.8 3826 276.9
Electrical power or current and drive inputs: Electric power, kW 273.9 272.4 192.9 STOP ;
= |
i A ,
Power Measwred power;, 52739 Annual energy, MWhr 23694 23865 16899
"~ Measured bus voltage, volts ‘453 fluid hp 178.4
: Annual cost, $1,000 96.0 95.5 67.6 Existing W-G eff 48.6
Drive type Beltdrive ) =
— | Annual savings, $1,000 0.0 0.5 28.4 Optimal W-G eff 69.0

System inputs: = -
ey A Log file controls: Summary file controls:
Measured Measured flow rate, cfm 3 113876 -
‘ pf——— Log Retrieve Select a file Create new or Existing summary files
Measured fan static pressure, in H20 ¥ 7 10.00 current Log for individual append existing |,
Gas property inputs: data data log deletion summary file --> & CREATE NEW
Gas density, lbm/cu.ft. #0,0?48 Facility XYZ Application Example
Estimate
J Gas compressibility $0.994 | System ABC Date January1,2004  Evaluator John Doe
Notes Example fan for FSAT
Equivalent fan static pressure, in. H20 10.03 ¥ I

Specific size 0.370

Figure 2. Screenshot Detail: Fan and Motor Information

Fan and motor inputs:
Fan style CENTRIFUGAL Eackward Guwed (SISW)

Diameter ___Fan diameter, in. % 70.00

Fan configuration ~ Motor nameplate hp 350

| Fixed Motor nameplate rpm 21780

Motor eff. class Auerage

Nominal motor voltage, volts y 460
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Motor Inputs

To use FSAT you will need to collect information about your motor system. Appendix B
provides a convenient worksheet to help you collect this data.

Fan style

The first thing we must input is the style of fan. Usually the user would select the type of fan that
is currently installed. Later, if you want to estimate the benefit of changing to a different style of
fan, you could change this input to another type. For more information on fan styles see
Improving Fan System Performance: A Sourcebook for Industry, p. 19-24."

Figure 3. Screenshot: Fan pick list

{5l Fan System Assessment Tool x|

File Edit Operate ‘windows Help sFan
W Stm

iy e zesd]

Fan and o] CENTATLGAL - AIToN (arert) [Calculated Results:  pyigting  Ewisting  Optimal  Size margin (%) for 45|
Fan style §  CENTRIFUGAL - Backward Curved (SIS fan, fan, fan,  optimal fanmotor ¥
CEMTRIFUGAL - Radial (SIS0 motor  EEmotor  EEmoOr  [Optimization rating
CEMTRIFUGAL - Radial Tig (SIS ,Jgk, afficiancy. % 704
N CENTRIFUGAL - Backward Inclined (SISv) v = = thi M
Pl CENTRIFUGAL - sirfoil (DIDW totor rated hp 350 350 300
CENMTRIFUGAL - Backward Curved (DICWY)
CENTRIFUGAL - Backward Inclined (DICW)

|
|
|
AXIAL - Vane Axial Motor efficiency, % | 953 958 955 |
|
|
|
|

Fan col

Motor shaft poveer, hp

Click far
background
infaormation

ICF - Air Handling
ICF - Material Handling Motor power factor, % a76 G786 860

ICF - Long Shavings

Motar currert, amps [ 3858 3626 2769

Electrical power or current and drive inputs: Electric power, ki | 273 g A 1924

fluid hp 754

Anruslcost, $1.000 [ @60 |[ @55 |[ 676 | ... s
Drivetype  Belt drive Vi Eusting ¥\ et M
Annual savings, $1,000 [ 00 || ns || 254 | Ciptirmal WG e W

L
Power vi Messured power, KW ;;i&?S.EI [

a——— | Annual snergy, MM | 23994 23865 168949

Measured buz voltage, vots Tl | || ||

System inputs:
Log file controls: Summary file control=s:
Meazured v; Measured flow rate, cfm : ;
_ ) — Log Retrieve Select a file Create new ar Existing summary files
Measzured fan static pressure, in H20 current Lo for incividual sppend existing
& Gata /o0 deletion summary file --=,

. Hata

4
Gas property inputs: WFREATE NEWY |

. Gas density, lamicu . Facility MYZI | Application  Example |
Estimate: —
Gas compressikbility 0. System  |ABC | Date  January 1, 2004 iEvaIuatu:.r John Doe

Motes E le fan for FSAT —I
Equivalent fan static pressure, in, H2O FID.DS HApe Taror
Specific size [1.370 | —=

! “Improving Fan System Performance”, U.S. Department of Energy and Air Movement and Control Association
International, Inc., 1989.

10
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Figure 4. Screenshot Detail: Fan pick list

CEMTRIFUGAL - Ajrfoil (SIS0

o CENTRIFUGAL - Backward Curved (SIS
CEMTRIFUZAL - Radial (SIS0
CEMTRIFUGAL - Radial Tip (5150
CEMTRIFUGAL - Backward Inclined (SIS0
CEMTRIFUZAL - Ajrfail (DIDW
CEMTRIFUGAL - Backward Curved (DIDW)
CEMTRIFUGAL - Backward Inclined (DIDW
AL - Sane Axial
ICF - Air Handling
ICF - Material Handling
ICF - Long Shavings

Speed vs. size switch

If you know either the fan rotational speed or the fan size, select the one you know. If there is a
reason why only one fan size or one fan speed will work, select the parameter you need to
remain constant. Once you select speed or size, enter the speed in RPM or the size in inches in
the box immediately to the right.

Fan configuration

In most instances, this selection switch will remain set at “Changeable.” Setting the switch to
changeable allows FSAT to compare your fan to another more optimally selected fan of a
different size or different rotational speed. In the rare instance that using a different fan size or
speed is not possible, set the switch to “Fixed.”

Motor nameplate hp
Enter the NEMA nominal size of the motor.

Motor nameplate rpm

Enter the full-load, nameplate rotational speed of the motor, such as 1780 rpm. If the precise
speed is not known, then enter 900, 1200, 1800 or 3600, depending on the motor.

Motor efficiency class

For most older systems, entering “standard efficiency” is fine. If the motor has no nameplate
efficiency, enter “Standard Efficiency”. If the motor nameplate has an efficiency listed, use the
table in Appendix C to determine if the motor is standard, average, or energy efficient.

Nominal motor volts
Enter the voltage from the motor nameplate.

Nameplate full load amps
Enter the full-load amps (designated as FLA) from the motor nameplate.

11
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Estimate button

If the motor FLA (full-load amps) is not known, use the amperage calculator tool by clicking the
Estimate button next to the nameplate FLA (see Figure 2).

Operating Parameters

Figure 5. Screenshot: Operating Fraction and Electric Rate

Fan, motor, system information: [Calculated Results:  Existing  Existing  Optimal  Size margin (%) for & 15
Fan style CENTRIFUGAL - Airfoil (SISW) | fan, fan, fan, optimal fan motor ¥
= Speg_d__: Fan speed, pm :900 motor EE motor  EE motor | Optimization rating
Fan configuration  Motor nameplate hp | 350 Fansficiency, ¥ |_83.1 = 82 ] weo B8
Changeable | Motor nameplate rom 3 1780 Motor rated hp 350 350 30 | 20 8
P | 100 -
Motor eff. class 5"-353-9-3_--3 || Motorshaftpower,hp = 3500 3500 2234 .
Nominal motor voltage, volts y 460 S— —
Motor efficiency, % 953 95.8 85.9 Click for
Operating parameters: Operating fraction $:1.000 otor power factor, % 876 LIL. ali ti}:fi':g'[:ttilorf
Electricity cost, cents/kwhr % 4.00 Motor current, amps 385.8 3826 253.3
e i
: g Electric power, kW 2738 2724 1738 STOP |
(Power ~ | Measured power, KW $2739 | nn\ o) energy, MWhr 23094 | 23885 | 15225 |
Measured bus voltage, volts 3453 fluid hp 178.4
) . i Annual cost, $1,000 96.0 955 60.9 Existing W-G eff 48.6
Drive type Belt drive .
—— | Annual savings, $1,000 0.0 05 35.1 Optimal W-G eff 76.8
e ] Log file controls: Summary file controls:
i Required flow rate, cfm & 113976 _
|Recuired 7|  Rauecows b Log | Retrieve | Selectafle ) | Createnewor | Eyisting summary fles
Required fan static pressure, in H20 & 10.00 current Log for individual append existing | ;
| Gas properties: data data log deletion summary file > ,.:CREME NEW
— Gas density, lbm/cu.ft. 30.0?48 Facility ABC Manufacturing Application Example 1
imate:
Gas compressibility $_0.9‘34 System P88 Fume exhaust Date January5,2004  Evaluator Joe Engineer
Notes le fan fi T, wi requir nditions, an ni |
Equivalent fan static pressure, in. H20 10.03 : CE::%%;‘;T,_N FE3AT, ity spoed, required coniions and oliigeatie I
[ Specific speed 53981

12
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Figure 6. Screenshot Detail: Operating Fraction and Electric Rate

Operating parameters: Operating fraction {1.000“

Electricity cost, cents/kwhr & 4,00

Operating fraction

If the motor operates 24/7/365 or 8760 hours per year, then enter 1.0 for the operating fraction.
If the motor operates fewer than 8760 hours per year, then divide the actual operating hours by
8760 to get the operating fraction.

Operating _hours
8760

Operating _ Fraction =

For instance, if the fan operates 12 hours per day five days per week, 52 weeks per year, figure
the operating fraction as follows:

12 x 5% 52 =3120hours per year

3120
Operating Fraction=——
r & 8760

Operating _Fraction =0.36

Electric rate
Enter the average electric rate in cents per kilowatt-hour.

13
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Power and Drive Inputs

Figure 7. Screenshot: Power and Drive Inputs

Fan and motor inputs: | calculated Results:  Eyisting  Existing Optimal ~ Size margin (%) for & 15
l Fan style CENTRIFUGAL - Backward Curved (SISW) | fan, fan, fan, gpﬂrﬂa_l fanmotor ¥ -
_ﬁméﬁer Fan dametec it 3?0,00 motor ~ EEmotor  EE motor Optimization rating
Fanconfiguration  Motor nameplate hp | 350 | Fan efficiency, % || 63.1 el e . 40 60 L
Fixed i Motor nameplate rpm : 1780 Motor rated hp 350 350 300 20 80
I = | z [ o 100
Motor eff. class /Average " | Motor shaft power,hp  350.0 3500 2481 | .
Nominal motor voltage, volts 3 460 | = |
" Motor efficiency, % 95.3 95.8 95.9 Click.for
background
Operating parameters: Operating fraction ¢ 1.000 Migtar pawer Fackor, % il el oL infar?nation
Electricity cost, cents/kwhr : 4.00 Motor current, amps 385.8 3826 276.9
Electrical power or current and drive inputs: Electric power, kW 273.9 2724 192.9 STOP |
Power Measured power, 2739 Annual energy, MWhr 23994 23865  1689.9 —
Measured bus voltage, volts § 468 fluid hp 178.4
—— Annual cost, $1,000 96.0 95.5 67.6 Existing W-G eff 48.6
Drive type  Belt drive ) :
—— Annual savings, $1,000 0.0 05 284 Optimal W-G eff 69.0
System inputs: - - =
== i Al 113976 Log file controls: Summary file controls:
| [Measured | Measured flowrate, c i Log Retrieve | Selecta file Create new or | Existing summary files
Measured fan static pressure, in H20 y 10.00 current Log for individual | append existing |
Gas property inputs: data data log deletion | summary file --> |5 CREATE NEW
Gas density, lom/cu.ft. $0.0748 Facility XYZ Application Example
Estimate: ;
J Gas compressibility $0.994 System ABC Date January 1, 2004 Evaluator  John Doe
Notes Example fan for FSAT
Equivalent fan static pressure, in. H20 10.03 P I
Specific size 0.370

Figure 8. Screenshot Detail: Power and Drive Inputs
Electrical power or current and drive inputs:

Power Measured power, 52739
~ Measured bus voltage, volts 4 468

Drive type _Ee{ﬁ#e

Current vs. power switch

Set the switch based on the type of data you have available. If a true kW power meter is
available, select “Power.” If all you have available is an ammeter and voltmeter, then select
“Current.”
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Note: If you select “Current” then you must enter the Nameplate Full Load Amps, or press the
Estimate button next to the FLA input.

Measured current/measured power

If the current vs. power switch is set to “Power,” then input the measured power in kW here. If
the “current vs. power” switch is set to “Current,” then input the measured amps here.

Measured bus voltage

This is the voltage being supplied to the motor. This input is important if the “Current vs. Power”
switch is set to “Current.” If you have chosen Power, you can either enter the voltage from the
power meter reading or enter the nameplate voltage.

Drive type
Select the appropriate setting, either “Direct Drive” or “Belt Drive.”
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System Inputs

Figure 9. Screenshot: System Inputs

FSAT User Manual

———
|Fan and motor inputs: . e Calculated Results:  Eyisting ~ Exising ~ Optimal ~ Size margin (%) for a’y¢
Fan style CENTRIFUGAL - Backward Curved (S_I_S_W) fan, fan, fan, ggt_lﬂgl fanmotor ¥
| [ Diameter  |Fan diameter, in 470.00 mofor  EEmotor EEMOWOr | optimization rating

—r 1 == Fan efficiency, % 53.1 53.1 749 70.4
Fan confi Motor hp [ 350 Y 40 60
Fixed Motor nameplate rpm #1?80 Motor rated hp 350 350 300 |l 20 80
[ : | o 100
B | Motorshattpower, hp 3500 3500 2481
Nominal motor voltage, volts & 460 £
Motor efficiency, % 95.3 958 959 =
| Click for
background
[ Operating parameters: Operating fraction ¢1,DDO Motor power factor, % 87.6 87.8 85.0 infor?naﬂon
| Electricity cost, cents/kwhr 5 4.00 Motor current, amps ~ 385.8 3826 276.9
Electrical power or current and drive inputs: Electric power, kW 2739 2724 192.9 STOP |
A
Power —|  Measuredpower, v 273.9 Annualenergy, MWhr 23994 23855 16899 —
Measured bus voltage, volts % 468 fluid hp 178.4
Annual cost, $1,000 96.0 95.5 67.6 Existing W-G eff 48.6
Drive type Belt drive | .
= Annual savings, $1,000 0.0 0.5 28.4 Optimal W-G eff 69.0
System inputs: - =
| ——2 i di fm A 113978 Log file controls: Summary file controls:
Messured SHEHIRC WL, i : Log Retrieve Selectafile )| Create new or Existing summary files
Measured fan static pressure, in H20  10.00 current Log for individual | | append existing )
Saer ’ data data log deletion ) | summary file --> ) y CREATE NEW
Gas density, lbm/cu.ft. §0.0748 | Faciity XYZ Application Example
Estimate:
Gas compressibility :0,594 System ABC Date January 1, 2004 Evaluator  John Doe
; < . Notes' Example fan for FSAT
Equivalent fan static pressure, in. H20 10.03
Specific size 0.370

Figure 10. Screenshot Detail: System Inputs

System inputs: 1

Measured | Measured flow rate, cfm # 113976
Measured fan static pressure, in H20 51000 |

Measured vs. required switch

The setting of this switch affects the tags on the next two input parameters, flow rate and static
pressure. If “Measured” is selected, then the tags will read “Measured flow rate” and “Measured
fan static pressure.” Likewise, if the switch is set to “Required,” the tags will read “Required
flow rate” and “Required fan static pressure.”

If you are doing an analysis of just the fan itself, then set this to “Measured.” For instance, you

would do this if you’d like to compare the efficiency of the fan to a new fan, or because you
suspect the fan is deficient in some way (i.e. eroded impeller, or improper running clearance,

16



FSAT User Manual

etc.). In this case, input the measured flow rate and the measured static pressure rise across the
fan in the next two fields.

If you’d like to estimate the overall system efficiency, then set this switch to “Required,” and
enter the process flow requirements of flow rate and pressure, rather than what the fan is
developing. For instance, the system may contain dampers, unnecessary silencers, or undersized
filters or coils. Any unnecessary pressure drop of this sort should not be included when entering
the “required” pressure. So, instead of inputting the pressure rise across the fan, measure and
input the pressure drop across the legitimate process components. See Appendix A for
information about where to measure pressure drops in the system.

Note: The setting of the switch does not in any way effect the calculations that the program
makes. It is there to remind the user of the philosophical shift in thinking when one is examining
the fan system vs. the fan as a component.

Gas Properties Inputs

Figure 11. Screenshot — Gas Properties

Fan and motor inputs: = Calculated Results:  gyising  Existing ~ Optimal ~ Size margin (%) for a’ ¢
Fan style CENTRIFUGAL - Backward Curved (SISW) fan, fan, fan, gpgrp_a[[en motor ¥
[ Diameter |Fan diameter, in. 470.00 motor ~ EEmotor EEmotor | optimization rating |
Fan configuration  Motor nameplate hp | 350 = Fan efficiency, % 531 531 74.9 4060 S\
| Fixed Motor nameplate rpm % 1780 Motor rated hp 350 350 300 20 80
Motor eff. class |Average B T ‘ o 100

o Motor shaft power, hp 350.0 350.0 2481
Nominal motor voltage, volts ¥ 460

Motor efficiency, % 95.3 95.8 85.9

Click for
‘ = background
[ Operating parameters: Operating fraction : 1.000 Motor power factor, % 87.6 87.8 86.0 infor%ation
[ Electricity cost, cents/kwhr 5 4.00 Motor current, amps 385.8 3826 276.9 i
Electrical power or current and drive inputs: Electric power, kW 273.9 272.4 192.9 STOP
A
Powsr 7| Weasiwedpower, —i7S9 Annual energy, MWhr 23994 23865  1689.9 —
Measured bus voltage, volts 4 468 fluid hp 178.4
. Annual cost, $1,000 96.0 95.5 B7.6 Existing W-G eff 48.6
Drive type  Belt drive | .
o i —— Annual savings, $1,000 0.0 0.5 284 Optimal W-G eff 69.0

| system inputs:
Measured | Measured flow rate, ¢fm 3113976

—

[ Log file controls: ‘

e | Log )| Retrieve ) Selectafile
' gre in H20 _210.00 | cyrrent Log for individual
Gas property inputs: data data log deletion

5 Gas density, lbm/cu.ft $B‘UT4B Facility XYZ Application Example
stimate:
J Gas compressibility :0.994 System ABC Date January 1, 2004 Evaluator  John Doe

Notes Example fan for FSAT I

éummary file controls:
Create new °’J Existing summary files

| append existing
| summary file > ) 3 CREATE NEW

Specific size 0.370
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Figure 12. Screenshot Detail — Gas Properties

Gas properties:

Gas density, lbm/cu.ft. %0.0748

Estimate:

Gas compressibility 40.994

Estimate

The estimate button here will take you to additional screens where you can estimate the density
and the compressibility of the air in case you have non-standard conditions. Some examples of
fans handing air at non-standard conditions would be hot, wet air coming off a dryer, or air that
is at subzero temperatures.
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Figure 13. Screenshot — Psychometric Calculator Screen

MOTE: The primary reasan for accessing this panel is to estimate air density. Mote that changes made to the ambient ar air
inlet ahove ambient pressures will be reflected in the values shown on the panel that called on this estimator. fchanges are
made to either after leaving this estimator, the density will NOT be updated to reflectthose changes unless the user returns
hera.

Saturation pressure, psia 0147
Inlet dry bulb temperature, deg F ﬂ 45.00 \wiater vapor partial pressure, psia [ 0.074

Abzolute ambient pressure, in Hg ﬁ 29.28 Hurnidity ratic, ' | 0.00313

Air inlet pressure above ambient, in H20 g 10.00

Datatype ___ Pelative humidiy v Inlet relative humidity, % B0

Saturation hurnidity ratio, w_s Im
Degree of saturation, IW
Specific valume, ft™3b dry air IW
Enthalpy. B/b [ 1418

Dewpoint, deg F IW

Click to Wet bulb temperature IW
accept le_sults Actual air density, 1brdcu.f, IW
and continue Relative humidity, % [ 5000

.- " Abzalute inlet prezsure, in. Hg 0.0
Cancel changes, . -

Absolute inlet pressure, in H20 | 403.69
: Abzolute inlet pressure, psia 14.74

Wyith the exception of the saturation pressure values for termperatures of 32 F and abaove, all results are
based on methods described in the ASHRAE Fundamentals Handbook (1997), Chapter 6, Psychrometrics.

The terms are consistent with those used in the ASHRAE publication.

The saturation pressures for temperatures abowve 32 F are based on the algorithm used in Steam Tables,
by Keenan, Keyes, Hill, and hoore (1963 edition).

Gas density

The density of standard air at 68°F, 50% RH is 0.075 Ib/ft’. If the fan is running at or close to
standard room conditions, you probably don’t need to worry about this for the purposes of using
FSAT. If the conditions are more than 20°F different than standard conditions, input the density
if you know it. If you don’t know the density, use the estimate button to call up the gas properties
screen. Once there, you can call up the density calculator screen and enter the information you
know, making note of the conditions you enter.

Click the “accept results” button to carry your results back to the main screen. If you replace the
fan or modify it, be sure to let the vendor know what the conditions are if they are non-standard.

Gas compressibility

Enter the gas compressibility factor if you know it, or use the “Estimate” button. The Estimate
button will take you to the gas properties screen. Generally, you probably won’t need to concern
yourself with the compressibility factor unless you have very hot air or have a very large static
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pressure (above 30 in w.g.). In fact, up to 12 in. w.g., the compressibility factor is equal to 1.
Between 12 and 30 in w.g. the compressibility factor is typically over 0.97. This type of change
is only picked up with the most careful tests, using sensitive instruments.
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Understanding FSAT Results

Output Screens

Figure 14: Screenshot — Outputs

Fan and motor inputs: i | | Calculated Resuilts: Existing Existing Optimal ~ Size margin (%) for 515
Fan style :CENTRIFUGAL- Radial (SISW) fan, fan, fan, optimal fan motor ¥

motor EEmotor  EEmotor | optimization rating
|

; Speed | Fan speed, pm $110:i_

Fan configuration  Motor nameplate hp | 125 : Fan efficiency, % 61.2 61.2 59.6 1005 |
Changeable |  Motor nameplate rpm ,‘,;1780 Motor rated hp 125 125 125 |
Motor eff. class |Standard eff:uency_ Motor shaft power, hp 900 900 925
Nominal motor voltage, volts y 460
Motor efficiency, % 932 95.3 95.3 g
Click for
background
Operating parameters: Operating fraction % 1.000 Molr paver factor, % o sid L infor%aﬁon
| Electricity cost, cents/kwhr % 5.00 Motor current, amps 108.7 105.7 108.2
l Electrical power or current and drive inputs: Electric power, kW 720 704 72.3 STOP
| ] A
Power Measured power, 5720 N | ,oaienergy, MWhr | 6307 | 6168 | 6337
Measured bus voltage, volts ¢4so fluid hp 52.8
‘ B ' Annual cost, $1,000 315 30.8 N7 Existing W-G eff 54.7
Drive type Belt drive )
: Annual savings, $1,000 0.0 0.7 -0.2 Optimal W-G eff 54.5

System inputs: =
Log file controls: Summary file controls:

Create new or
append exisling

Required Required flow rate, cfm %_8080
* Required fan static pressure, in H20 4270

Gas property inputs: summary file --> $ CREATE NEW
‘ — Gas density, Ibm/cu.ft. :0.062‘." Facility 0SB Application  Hot air for burning wood chips
‘ J Gas compressibility $0.9?3 System  Combustion air fan Date 4 May 2004 Evaluator rgw
Equivalent fan static pressure, in. H20 51.04 Ll :'nae:i[ise;vggmn;;;a: AE I
‘ Specific speed 5228
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Figure 15. Screenshot Detail: Outputs

Calculated Results:  Eyjsting  Existing Optimal ~ Size margin (%) for A 15
fan, fan, fan, optimal fan motor b
motor ~ EEmotor EEmotor | optimization rating

Fan efficiency, % 61.2 61.2 59.6 : 100.5
' 40 60 ,
Motor rated hp 125 125 125 20 80 _
o 100
| Motor shaft power, hp 90.0 90.0 92.5 |
| LS
Motor effici , % : 95.3 95.3 T
otor efficiency 93.2 Click for

Motor power factor, % 83.1 83.6 83.9 background

information

Motor current, amps 108.7 105.7 108.2
Electric power, kW 72.0 704 72.3 STOP J
Annual energy, MWhr 630.7 616.8 633.7
fluid hp 52.8
Annual cost, $1,000 3.5 30.8 317 Existing W-G eff 54.7
Annual savings, $1,000 0.0 0.7 -0.2 Optimal W-G eff 54.5

Output Columns

Most of the FSAT output is organized into three columns in a table on the right hand side of the
screen. There is also the optimization gauge, which shows the optimization potential in dial
format.

Existing fan, motor

The left column is a summary of the fan system output parameters as they apply to the fan or fan
system as it is currently installed. The numbers in this column pertaining to the motor are echoes
of inputs you made or the result of lookups from FSAT’s database of information on motor
performance.

Existing fan, EE motor

The middle column is a summary of the fan system output parameters as they apply to the
current fan configuration driven by an energy efficient (EE) motor. This column of outputs is
useful if you have a standard efficiency motor and want FSAT to calculate the savings of
upgrading to an EPACT motor. If the motor type is set to “Energy Efficient,” then the first two
columns will be identical.
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Optimal fan, EE motor

The right column is a summary of the fan system output parameters as they apply to the fan
system if a new, optimally selected fan driven by an energy-efficient motor were installed.

Be careful interpreting the results of this column. If the “Fan Configuration” has been set to
“fixed,” then the results in this column will actually not be the most efficient fan available, but
rather the most efficient fan with the size impeller you specified, or the rotational speed you
specified. Only if the “Fan Configuration” has been set to “changeable” will the results in this
column reflect the most efficient fan available for the specified flow and pressure.

Output Rows

Fan efficiency

FSAT uses the input values you provided for flow, pressure, and power, and calculates the
efficiency here using the fan power-law. If you input the pressure rise across the fan, then the
value shown here is the efficiency of the fan itself.

If you entered the flow and pressure required by the process, and did not include any wasted
pressure drop through dampers, etc., then the number in the first column is actually the system
efficiency, not the fan efficiency.” If the efficiency is “infinite”, go back and press the “Estimate”
button next to the “Motor full load amps” input, or enter the motor full-load amps directly.

Motor rated horsepower

This is an echo of the input. If this field is red, it’s most likely an indication that something is
not right in the inputs. Red means FSAT thinks the existing motor is overloaded. *

Motor shaft power, hp
The shaft power that the motor develops to turn the fan. *

Motor efficiency, %

FSAT software contains detailed information on motor performance for standard efficiency and
energy-efficient motors. When you enter the motor size in horsepower, the motor speed, and the
“Motor eff. class,” FSAT looks up the motor efficiency based on the motor and the motor
loading.’

? For the Optimal fan column, FSAT does a lookup of the peak efficiency achievable for the type of fan you
selected, unless you have set the “Fan Configuration” to “Fixed,” in which case it looks up the peak efficiency for
the size or speed of fan you selected under “Fan Diameter” or “Fan Speed.” If the background on this field is yellow
or orange, FSAT is indicating that there may be a problem with using that speed or diameter fan to serve the given
process requirements.

> For the Optimal fan column, this motor is the size FSAT thinks is appropriate based on the motor shaft power.

* For the Optimal fan column, the hp is calculated using the fan power-law, and the flow and pressure you input.

> For the Optimal fan column, this lookup is done for an EE motor of the size FSAT thinks is appropriate.
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Motor power factor, %

FSAT software contains detailed information on motor performance for standard efficiency and
energy efficient motors. When you enter the motor size in horsepower, the motor speed, and the
“Motor eff. Class,” FSAT looks up the motor power factor based on the motor and the motor
loading.

Motor current, amps

If you entered the motor current, then it is repeated in the first column of this row. If you entered
power, then the current is calculated based on the voltage, motor size, and motor loading.®

Electric power, kW

The “Electric Power” is calculated from the shaft power, as demonstrated in discussion of the fan
power-law equation.

Annual energy, MWhr
Annual energy is based on the operating fraction and the electric power as calculated above.

Annual cost, $1,000
Annual operating cost in 1,000s of dollars is based on the annual energy use and electric rate.

Annual savings, $1,000

The annual savings number in the first column is always zero because the “Existing fan, motor”
is the base case to which the other two columns are compared. The annual savings for each of
the other two columns is calculated by subtracting the annual energy use of that column from the
annual energy use for the “Existing fan, motor” case.

% For the Optimal fan column, FSAT looks up the amperage for an EE motor of the size FSAT thinks is appropriate
at the voltage you specified, and the shaft power loading calculated above.
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Other Outputs and Controls

Size margin (%) for optimal fan motor

The size margin is the minimal shaft requirements needed for the optimal fan. This selection
provides a method to force the selected motor to be larger than required based on the specified
fan style and fluid data. This might be appropriate, for example, in selecting a fan motor that is
not only large enough to handle the current load conditions, but also able to handle increased
loads in the future.

Optimization rating dial

The “Optimization Rating” is the ratio of the existing wire-to-gas efficiency divided by the
optimal wire-to-gas efficiency. Usually this rating will be a number between zero and 100. A
low score indicates that a good optimization opportunity exists.

Note: It is possible to run FSAT and get a high “Optimization Rating” on poorly performing
systems in certain situations. For instance, if 1) there are large losses across a damper, 2) the
measured flow and pressure rise across the fan are used, and 3) the fan is in good shape with no
system effect, then the score will be high even though there could be significant optimization
opportunity in the system.

Click for background information

Provides detailed information about the software; motor, fan, and system efficiency; and fan
optimization topics.

STOP

Temporarily stops FSAT calculations. Click the white arrow (=) under the Edit menu to restart
calculations.

Fluid hp

The fluid horsepower is the energy that the fan is delivering to meet the flow and pressure
requirements that were input. This is a theoretical number that does not include any of the losses
from the fan, the motor, or the drive. It would include losses due to system effect and damper
loss if those are present in the system.

Existing W-G eff
The existing wire-to-gas efficiency is based on the fan efficiency for the “Existing fan, motor,”
adjusted for the losses in the motor and drive.

The wire-to-gas efficiency for the existing fan system is the same as the overall system
efficiency if the pressure and flow required by the process have been entered. If damper loss or
system effect losses are present, then the W-G eff will be higher than the overall system
efficiency.
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Optimal W-G eff

The existing W-G efficiency is based on the fan efficiency for the “Optimal fan, EE motor,”
adjusted for the losses in the motor and drive.

The wire-to-gas efficiency for the optimal fan system is the same as the overall system efficiency

if the pressure and flow required by the process have been entered, and if little or no damper loss
or system effect losses are present.
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Additional FSAT Features

Log File Controls

Figure 16: Screenshot — Log File Controls

FSAT User Manual

Fan and motor inputs:

Motor nameplate hp | 350
i Motor nameplate rpm 51?80
Motor eff. class A_vera_-g.]_g_' -
Norminal motor voltage, volts % 460

Fan configuration

Fixed

Fan style [CENTRIFUGAL - Backward Curved (SISW)
 Diameter | Fan diameter, in. % 70.00

Calculated Results:

Fan efficiency, %

Motor shaft power, hp

Motor efficiency, %

Operating parameters: Operating fraction 4 1,000
Electricity cost, cents/kwhr § 4.00

Motor power factor, %

Motor current, amps

Electrical power or current and drive inputs:

Measured power, 3 273.9

Power
Measured bus voltage, volts $453

Electric power, kW
Annual energy, MWhr

Annual cost, $1,000

System inputs:
Measured flow rate, cfm 5 113976

| [Measured
410.00

Measured fan static pressure, in H20

Existing  Existing ~ Optimal  Size margin (%) for & 15
fan, fan, fan, optimal fan motor ¥
motor  EEmotor  EE motor Optimization rating I
53.1 53.1 74.9 70.4
| 40 60
Motor rated hp 350 350 w0 |20 80
c [ g 100
3500 3500 2481 | .
|
96.3 95.8 95.9 Click for
87.6 87.8 86.0 background
information
385.8 382.6 276.9
|
2?:1.9 272.4 192.9 STOP |
23994 23885 16898 — ] .
fluid hp 178.4
=0 LS a18 Existing W-G eff 48.6
0.0 05 284 Ootimal WG eff 660

| Annual savinas. $1,000

Log file controls:

Gas property inputs:

Gas density, Ibmicu.ft. 2 0.0748
Estimate: 1

Gas compressibility ¥ 0.994

Log Retrieve
current Log
data data

Select a file
for individual

log deletion

Summary file controls:

Create new or
append existing

summary file -->

Existing summary files
: CREATE NEW

Facility XYZ
System ABC

Equivalent fan static pressure, in. H20 10.03
Specific size 0.370

Notes Example fan for FSAT

Application Example

Date January 1,2004  Evaluator John Doe
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Figure 17. Screenshot - Log file controls (detail)

Log file controls: rS'l.amnrl.s\r:,r file controls:
Log | Retrieve | Selectafile Create new or |  Eyisting summary files
| current Log forindividual | = append existing a
data P, data 2 log deletion ) | summary file -->) ¥ CREATE NEW
Facility XYZ Application Example
System ABC Date January 1, 2004 Evaluator  John Doe

| Notes Example fan for FSAT

The Log File controls allow you to save your current results to disk and retrieve them later. The
“Log current data” button saves data on screen to a log file. The button named “Retrieve log
data” brings the data back to the screen. The third button is for deleting log files. Use the fields
below the buttons to store information about your runs.

Summary File Controls

The summary file controls allow you to collect the results from several FSAT runs and present
them in one report. The summary file is saved as a text file (ending with .txt). You can open the
text file from Word or Notepad and view the results on the screen or print them out.

To use the summary file the first time, click the oval button that says “Create new or append
existing summary file.” Create a filename of your choice with a .txt extension. If you change the
run, click the “Append” drop-down menu item. The current run will be added in a column to the
right of any existing data.
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Pull down & help menu

To activate FSAT’s help feature, select Show Help under the Help menu. Help text will appear

that describes the FSAT panel that the cursor is on or near.

Figure 18. Screenshot - Help menu
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Figure 19. Screenshot: Help screen sample
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Appendix A: FSAT Sample Application

The following problem is meant to show how FSAT is actually used. This sample problem
shows the measurements needed to analyze a system based both on measured data and system
requirements. Both approaches are needed to assess the efficiency of an industrial system.

System description and initial assessment

In the figure below, a 125-hp radial bladed fan provides combustion air for a solid fuel biomass
burner. The duct size (cross section) is the same throughout the system. The damper is used to
adjust the flow to optimize combustion.

Figure A1. Solid fuel burner combustion air fan: process and instrumentation drawing (not
to scale)
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The following pressures were observed:

Py Local reference pressure in plant = 0.0 in. w.g.
Py Upstream of the orifice plate =-1.01in. w.g.
P, Downstream of the orifice plate =-4.1 in. w.g.
P; Fan discharge =38.6in. w.g.
Py Downstream of damper =11.0 in. w.g.

The observed pressures reveal a large pressure drop across the damper and the orifice plate.
Overall, the process is using only a fraction of the pressure the fan develops, and since the fan is
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fairly large, we suspect that this is a good optimization candidate. The consultant completed
further investigations including the following flow and power measurements:

Air stream temperature = 128 °F

Flow = 8,080 cfm

Electrical volts and current = 461 Volt, 107.3 Amps
Fan rotational speed = 1,475 rpm

Using FSAT to analyze the system

Two steps are involved in using FSAT to fully assess the optimization opportunity. The first step
is to determine the measured fan static pressure rise across the fan. The second step is to
determine the pressure that the process requires, not including avoidable losses, such as the drop
across the damper and the drop across the orifice plate.

Determining the “Measured fan static pressure”

The measured pressure rise across the fan is P3-P, or 38.6 — (-4.1) = 42.7 in. w.g. This would be
the pressure that is used for the “Measured Fan Static Pressure”. When the measured pressure
rise across the fan and the measured flow rate are entered into FSAT, the resulting analysis is an
assessment of the performance of the fan itself. When we input the data this way, the following
result is obtained from FSAT.
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Figure A2. FSAT run with “measured” data.
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Looking at the printout of the FSAT run with “Measured” data, we see that the system has a very
high optimization rating of 101.4 %. This means the fan itself is performing well, and is
efficiently producing the flow and pressure measured. This does not mean that the fan is well
matched to the process, however.

Determining the “Required fan static pressure”

To calculate the useful pressure needed by the process requires some judgment. In this case the
pressure drop across the damper and the pressure drop across the orifice plate are not useful
directly to the process. Thus, the damper can be opened if the fan were matched to the process
instead of being oversized, and the orifice flow meter can be replaced by a flow meter with a
negligible pressure drop.

To calculate the pressure useful to the process, we have to subtract the loss across the damper
and the orifice plate from the total pressure developed by the fan.

Pressure developed by the fan (P3-P») = 42.7 in w.g.
Pressure lost across the damper (P4-P3) = -27.6 in w.g.
Pressure lost across the orifice plate (P»-P)) = -3.1inw.g.
Pressure useful for the “required” process = 12.0 in w.g.

34



FSAT User Manual

When we put the required conditions into FSAT, we get a very different result, as shown in
Figure A3 below.

Figure A3: FSAT run with “required” data.
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Putting in the requirements of the process shows the waste across the damper and the orifice flow
meter. The optimization rating has now plunged to 29.9%, indicating an excellent optimization
opportunity.

Summary of “measured” vs. “required” inputs

In order to accurately assess the optimization potential in a fan system requires a good
knowledge of the process requirements, especially the pressure required by the process and the
pressure developed by the fan. Use this information to complete two FSAT runs, one for the
“measured” and one for the “required” condition, and compare the result.
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FSAT Data Collection Worksheet

System Name
FAN AND MOTOR

L Airfoil SISW (] Backward Curved SISW ) Backward Inclined SISW
L Airfoil DIDW J Backward Curved DIDW L Backward Inclined DIDW
Q ICF Air Handling ( ICF Material Handling L ICF Long Shavings

) Radial L Radial Tip L vane Axial

Fan Speed rom OR  Fan Diameter in.

Motor HP hp

Motor Speed rpm

Motor Efficiency Class: p Energy Efficient p Standard Efficient p Unknown (Average)
Nominal Motor Voltage volts

Motor Full Load amps

OPERATING FRACTION AND ELECTRIC RATE
Operating Fraction
Electric Rate $/kwhr

SYSTEM INFORMATION [MEASURED OR REQUIRED CONDITIONS]

Measured Power kW OR Measured Current amps
Measured Bus Voltage volts
Drive Type: p Direct p Belt

Required [not including avoidable pressure drop due to partially closed dampers]

Flow Rate cfm Fan Static Pressure in H,O

Measured [Fan outlet pressure minus fan inlet pressure] — Inlet velocity pressure

Flow Rate cfm Fan Static Pressure in H,O

GAS PROPERTIES [Optional. Complete if non-standard conditions]

Gas Density Ibm/cu.ft

If gas is air, FSAT can help estimate density:

Inlet Dry Bulb °F

Inlet Wet Bulb °F OR Inlet Relative Humidity
Ambient Pressure in Hg OR Elevation Above Sea Level
Air Inlet Pressure Above Ambient in H,O

%
Ft.
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Appendix C: Table of motor efficiencies

Table C-1 lists various efficiency levels for motors from 10 to 500 hp. As shown in the
table, the larger motors tend to be more efficient than the smaller motors. Three of the
columns correspond to motor choices found in FSAT, while the premium efficiency
motors are a newer category not yet incorporated into FSAT.

Standard efficiency motors

Standard efficiency motors are longer available for purchase in the U.S., although many
are still operating. If you have an older standard efficiency motor that has been repaired
more than once, consider replacing it with a new premium efficiency motor the next time
it fails.

If your motor is at or below the efficiency level shown in the standard efficiency column,
set the FSAT motor efficiency class to “standard efficiency.”

Energy-efficient (EE) motors

This standard is adopted from the NEMA standard for energy efficient motors (NEMA
MG-1 Table 12-10). These motors are known as EPACT motors. Any new general-
purpose motors sold in the U.S. market must meet or exceed these full-load nominal
efficiencies.

If your motor is at or above the efficiency level shown in the Energy-Efficient column,
set the FSAT motor efficiency class to “Energy Efficient.”

Average efficiency motors

FSAT includes another choice for the motor efficiency class, which is the average of the
Standard Efficiency and Energy Efficient. Choose “average” for the motor efficiency
class if the efficiency of your motor is between Energy Efficient and Standard Efficiency,
or if you don’t know the efficiency but the motor is less than 10 years old.

Premium efficiency motors

More recently, NEMA developed a new efficiency standard known as NEMA Premium.
When motors fail, or when systems are upgraded, consider replacing the motor with a
new premium-efficiency motor. Future releases of FSAT software may incorporate
premium-efficiency motors.

38



FSAT User Manual

Table C-1. Nominal Full Load Motor Efficiencies. For NEMA design A and B, three
phase, general purpose TEFC motors (1800 RPM).

Standard Average EPACT or NEMA Premium
HP efficiency ' efficiency >  |Energy-Efficient |  Efficiency*
10 86.6 88.1 89.5 91.7
15 87.9 89.5 91.0 92.4
20 88.8 89.9 91.0 93.0
25 89.5 91.0 92.4 93.6
30 90.1 91.3 92.4 93.6
40 90.9 92.0 93.0 94.1
50 91.4 92.2 93.0 94.5
60 91.8 92.7 93.6 95.0
75 92.2 93.2 94 .1 954
100 92.8 93.7 94.5 95.4
125 93.2 93.9 94.5 95.4
150 93.5 94.3 95.0 95.8
200 94.0 94.5 95.0 96.2
250 94.4 94.7 95.0 96.2
300 94.6 95.0 95.4 96.2
350 94.8 95.1 95.4 96.2
400 94.9 95.2 95.4 96.2
450 95.0 95.2 954 96.2
500 95.1 95.5 95.8 96.2
Notes:

1.
2.
3.

Typical for older motors.

Numerical average of Standard Efficient and Energy-Efficient.

Based on NEMA MG-1 Table 12-10. Formerly know as Energy-Efficient motors,
this is now the federal standard for new motors. Also known as EPACT motors.

Newer NEMA Standard. Motors are available which meet or exceed this standard.
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Appendix D: Technical supplement
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