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Important Warning

The Duke Power Heat Flux Calculator isafree shareware

produced by Alan Privette of Duke Power. The Oberon

' Company isamanufacturer of electrical personal protective
®

products and is not an electrical safety consultant. Oberon

IS supplying this information as a guide to the use of the

program. No application is typical. Always perform a

thorough hazard assessment of your specific application

with the details of your equipment, work practices, etc.
Oberon is not responsible for the use or misuse of this program. If in doubt, contact
your electrical safety director, safety officer, electrical safety consultant or others
who can assist you in performing your hazard assessment.
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Duke Power
Heat Flux
Calculator

created by Alan Privette

HEAT FLUX CALCULATOR:

Thefollowing information isrequired to properly evaluate each potential arc hazard:
Determinetheavailablefault current
Arc Gap (estimated)
Supply Voltage
Minimum distance from the arc center line to the worker
Arc Duration, the amount of time an arc exists (in cycles)
Additionally, you need to consider whether your work involves equipment (electrical panel,
motor control, etc), which is located within a confined space (Arc-in-a-Box) or is single or
multi-phase (Phase-to-Phase)
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Using these varaibles and available software, the incident arc energy in
cal/cm? for agiven arc hazard can be calcul ated.

A useful example of such software is the shareware DOS computer
program, Flux.exe'. You can find a copy of the program on our web site, www.arcﬂaslsi.com
www.arcflash.com.
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Thereisasoacommercialy available software program, ARCPRO | |, devel oped by Kenectrics, formerly
Ontario Power Technologies, Toronto, Canada. This can be purchased from their agent in the USA.

Heat Flux Calculator

Enter the values for your arc parameters into the software programs to cal cul ate the incident
energy (cal/cm?). The software assumes a single-phase arc in an open configuration (You can  smecras
correct this assumption with a correcting factor). For example, the incident energy for a 10000
amperefault current with a12 inch arc gap on a 7200 volt system with the worker 12 inches away from the
arc center linefor 10 cyclesis 12.76 cal/cm?. Asaguide, Figures 1 through 5 contain the input screensand
Figure 6 contains the output screen from the software for this calculation. You then need to consider the
additional variables of confined space (Arc-in-a-Box) or is single or multi-phase (Phase-to-Phase), and
apply asuitable multiple to the results of the Calculator to better approximate your actual conditions.
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FIGURE 1. Initial Screen for Fault Current Entry

The software program contains an introductory screen and then prompts you to enter you fault current
value.

For our example, the fault current is 10000 amperes.

Enter 10000

What aretypical arc currents? Availablefault current depends on the size of the transformer and what
isfeeding thetransformer. Most fault currentswill range between 2000 amperes (2kA) and 50000 amperes
(50kA), but could reach 150 kA and higher. The available fault current depends on the rating of the
transformer.

Am | correct to say that the units are kva? No! The term kVa stands for 1000 Volt amperes. Thisis
usually used to refer to the size of the transformer; for example, a 750 kVa transformer. Based on the
impedance of the transformer and the low side voltagerating, the availablefault current could be cal cul ated.
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FIGURE 2: Input Screen Asking for Arc Gap

After you enter the available fault current, press enter. The program then prompts you to enter the arc
gapininches. Thearc gap isdependent upon thetype of equipment; i.e. you may be estimating for acutout
or possibly the distance between buss bars. For our example, the arc gap is 12 inches.

Enter 12

What isarealistic Arc Gap? . Arc gap isdependent upon the voltage of the system and of the equipment.
Below find a table of estimated arc gaps. Use these to initiate your investigation. However, you should
attempt to determine appropriate values for your system.

Note: Consider the following as a starting point:
Service Voltage Arc Gap

120V to 240V 0.5t0 2 inches

240V to 600V 1to4inches

600V to 49000V  4tol2inches. Atthisvoltagelevel it depends more on the equipment design;
acutout installed on a polewill usually allow a 12 inch arc to form.

49000V to 500000V the arc gap is dependent on the equipment and how contaminated the air is.

Arcsthat are 1to 20 feet in length are possible. You should base your
estimated arc gap on your specific conditions.

If thearc isenclosed in apiece of equipment, look at the busto busto cabinet spacing to find astarting
arc gap distance; and since the arc will bow and the electrodes will melt, you may want to increase the arc
gap length by 50%.
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This program 1s made available to the general public for
the purpose of caleculating heat flux received at a surface
some distance from an electric arc. The use of this program
is the responsibhility of the user.

warrany to the accuracy of the reg

responsiblity any damage that mzg

Enter the arc currentCamps) ? 1IlI]I]I]
Entor=fie dre gapLincness @ Ge¢
<lEpter the supply voltage(volts) ?

FIGURE 3. Input Screen Asking for Supply Voltage

After you enter the distance for the arc gap in inches, press enter. The program then prompts you to
enter the supply voltage in volts. The Program will indicate when there is not sufficient voltage to support
the arc**. If this occurs, you may want to artificially decrease the arc gap value or increase the voltage
valueto obtain acalculated value. In some environmental or work conditions, an arc of longer length may
be sustained than the voltage would normally allow under planned conditions.

For our example, the supply voltageis 7200 volts.

Enter 7200

Are the unitsin kV? No! The units here are Volts. If you know the number of kV, with which you are
working , ssimply multiply your number of kV by 1000 to obtain your voltage.

Upon entering your voltage, if the Heat Flux Calculator appears to lock-up or

state that “you have insufficient energy to sustain an arc”, you may want to

P L EAS E artificially decrease the arc gap value or increase the voltage value to obtain a
calculated value. You will need to reset the software to run another calculation.

The example we often use: If atool is dropped between two phases of electricity

N O I E l within a panel, this will dramatically lessen the arc gap. You are simply inputting
= an arc gap variable to create an arc, not to determine if the arc incident is feasible.
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This program i1s made availahle to the general public for
the purpose of caleculating heat flux received at a surface
some distance from an electric arc. The use of this program
15 the responsibility of the user. The author makes no
warrany to the accuracy of the results and accepts no
responsiblity any damage that may arise from its use.

Enter the arc currentCamps) ? 10000
Enter the arc gapfinches) ? 12

Enter the supply voltage(valts) 2 7200
Arc column area 86.06528 sq. inches

Arc column cir. 7.172106 inches
Arc diameter 2.282954 inches ,
Arc power in watts - 3562500 ,’
Arc power in raloseiacfcon DrAnnd 3

Vo™ 1ux on surface of arc 1533.186 calfem™2-sec
«llEnter the distance from the arc to the receiving surface ?

FIGURE 4. Input Screen For Distance From Arc to Worker

After you enter the supply voltage, pressenter. The Program displays some of the arc properties on the
screen and then prompts you to enter the distance from the arc to the receiving surface in inches.

For our example, the distance from the arc to the receiving surface (worker) is 12 inches.

Enter 12

Why isdistance anissue? The closer you are to the arc source, the higher the energy, to which you are
exposed. Infact the energy exposure increase exponentially. If you are 24 inches away from the arc source
(rather than the 12 inches in the example above), your exposure isonly ¥4 of that of 12 inches.
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This program is made available to the general public for
the purpose of calculating heat flux received at a surface
some distance from an electric arc. The use of this program
15 the responsibility of the user. The author makes no

warrany to the accuracy of the results and accepts no
responsiblity any damage that may arise from i1ts use.
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Enter the arc currentCamps) 7 10000

Enter the arc gapfinches) ? 12

Enter the supply voltagefwolts) ? 7200

Arc column area B6.06528 sq. inches

Arc column cir. 7.172106 inches

Arc diameter 2_.282954 inches

Arc power in watts - 3562500

Arc power 1n caloriesfsec - 851081.3

Heat flux on surface of arc 1533.1%6 calfcm*2-sec

Enter the distance from the arc to the receiving surface ? 12 ,
Transfer Shana Lot e A0000 ’

Weat Flux at Receiving Surface 76.54719 calfem Z53ve

Enter the number of cycles for the are duration ?

FIGURE 5: Input Screen For Arc Duration

After you enter the distance from the arc to thereceiving surface, pressenter. The program displaysthe
heat flux generated by the arc and then promptsyou to enter the arc durationin cycles. Whether or not your
systemisprotected by abreaker, fuse, etc., you must enter the number of cyclesfor how long thearc will be
present.

For our example, the arc duration is 10 cycles.

Enter 10

Where do | find thisinformation? L ook to your protective scheme/plan to determine the clearing time
for your fuses, breakers, etc. Fuses and breakers are time and load dependent. You may need to contact the
manufacturer to obtain the necessary time/load curvesfor the specific equipment you areusing. Additionally,
your electrical contractor/installer isan additional source to obtain this needed information.
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responsiblity any damage that may arise from its use.
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Enter the arc currentCamps) ? 10000
Enter the arc gapCinches) ? 12

Enter the supply voltage(volts) ? 7200
Arc column area 86.06528 sq. inches
Arc column cir. 7.172106 1inches

Arc diameter 2.28295%4%  inches

Arc power 1n watts - 3562500

Arc power in calories/sec - 851081.3
Heat flux on surface of arc 1533.146 cal/cm®2-sec
Enter the distance from the arc to the receiving surface ?

Transfer Shape Factor .0499282

Heat Flux at Receiving Surface 7¥6.5411% calfem*2-sec ,
Enter the number of cycles for the arc duration ? 10 ’
Arc Duration .16666 seconds

Total Calories per 5q. Cm. at Receiving Surfale 12.75735

Do You Wish To Run Another Case? (Y or H) ?

FIGURE 6: Output Screen

After you enter the number of cyclesfor the duration of the arc, press enter. The program displaysthe
incident energy in cal/cm? at the receiving surface.

For our example, the calculated valueis 12.76 cal/cm?.

To run another example, enter Y and repeat the instructions shown in Figures 1 through 5.

! Privette, Alan, Report Prepared for the ASTM F-18 Committee Task Force on Electric Arc Test Method
Development, June 10, 1992.
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Beyond the Heat Flux Calculator:

The Duke Power Heat Flux Calculator is auseful, cost effective tool to assist you in your arc flash hazard
assessment. Yet it makes two (2) assumptions that may not correlate to many real world applications you may
have. Based upon the work conditions and equipment upon which you are working, you may need to consider
these additional variableswhen computing your potential arc exposure.

Assumption #1: Single Phase Incident.

The Duke Power Heat Flux Calculator assumes the arc incident is being sustained by a single phase source
(phaseto ground). Yet if you are working on an electrical service panel where three phases are present, you can
expect the instant the arc occurs, the conductive plasma generated by the arc will immediately involve all three
phases. To correct for the involvement all three phases, multiply the incident energy value from the Heat Flux
Calculator by afactor of 2.8 (Phase-to-Phase multiple). Thisappliesto situationsin which the conductorsare not
insulated nor isolated from each other. However, thisfactor does not take into considerationif anarcisinitiated
within an enclosure. If the arc occurs within abox or recessed panel more than 12 inchesin depth, refer to the
multiplier factor used for three phase arcs within an enclosure (“ Arc-in-a-Box”) discussed below.

Assumption #2: Open Space.

The Duke Power Heat Flux Calculator additionally assumesthe energy of thearc isnot confined, but freeto
dissipateitsenergy spherically (that isinto the open spaceto thefront & back, up & down and left to right). When
working in outdoor utility substation, the circumstances of the arc may approximate these open air conditions.

However, if you are working within a confined space (such as a utility room or closet) or worse the arc
incident occurswithin aconfined space (such asarecessed panel or motor control center), the ability of the energy
to dissipate can be quite limited. In the example of amotor control, which may have an opening of 2 feet by 2 feet
and be 2 feet deep, the energy has no escape but straight at you, thusamplifying dramatically the resulting energy
exposure compared to that cal cul ated by the Duke Power Heat Flux Calculator alone. You may need to consider
thisadditional variableinyour computations. Thisvariableisoften referred to asthe Arc-in-a-Box multiple. This
multiple attemptsto include the amplified results of thearc being “directed” at the user by the confinement of the
arc.

Below find datareported in the“ Electric Arc Hazard A ssessment and Personnel Protection,” 2000 IEEEIAS
Rome Conference Record. Theseratios .
takeinto account both the Arc-in-a-Box Ratio Of Max. 3 Ph. Arc-In-Box Test
variable and the Phase-to-Phase Results With Calc. 1 Ph. Incid. Energy
variable. Asyou will note, theresults 14
have the ability to dramatically effect

theresults of the Heat Flux Calculator,

when used alone. A result of 7 cal/cm? —o— Commercial
fromthe Heat Flux Calculator could be -8 Program
magnified to a result easily in excess g

of 30 cal/cm? when these two “real —— Duke Heat
world” conditionsarefactored into your Flux Calc.

computations.

Important Note: These factors were
created for this IEEE paper for only one set of
test conditions and changing the conditions can . 20 40 60 80
change the factor, e.g. the size and shape of the Distance From Arc Electrodes, Inches

box can change the factor.

o
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