APPENDIX J. PRACTICE PROBLEMS AND SOLUTIONS

This appendix contains problems to apply the principles learned in the NUREG with the FDT®
program. This appendix provides some additional practice to solve problems related to fire
dynamics.

NUREG Chapter and Related Calculation Methods

Problem | NUREG Chapter FDT?®

J-1 Chapter 2. Predicting Hot Gas Layer Temperature 02.1_Temperature_NV.xls
and Smoke Layer Height in a Room Fire with Natural
and Forced Ventilation

Method of McCaffrey, Quintiere, and Harkleroad (MQH)
Compartment with Thermally Thick/Thin Boundaries

J-2 Chapter 2. Predicting Hot Gas Layer Temperature 02.2_Temperature_FV.xls
and Smoke Layer Height in a Room Fire with Natural
and Forced Ventilation

Method of Foote, Pagni, and Alvares (FPA)
Compartment with Thermally Thick/Thin Boundaries

Method of Deal and Beyler
Compartment with Thermally Thick/Thin Boundaries

J-3 Chapter 2. Predicting Hot Gas Layer Temperature 02.1_Temperature_NV .xlIs
and Smoke Layer Height in a Room Fire with Natural
and Forced Ventilation

Method of McCaffrey, Quintiere, and Harkleroad (MQH)
Compartment with Thermally Thick/Thin Boundaries

Chapter 2. Method of Predicting Hot Gas Layer 02.2_Temperature_FV .xls
Temperature in Room Fire with Forced Ventilation

Method of Foote, Pagni, and Alvares (FPA)
Compartment with Thermally Thick/Thin Boundaries

Method of Deal and Beyler
Compartment with Thermally Thick/Thin Boundaries

J-4 Chapter 3. Estimating Burning Characteristics of Liquid | 03_HRR_Flame_Height_Burning
Pool Fire, Heat Release Rate, Burning Duration and _ Duration_Calculations.xls
Flame Height

Heat Release Rate, Burning Duration, and Flame
Height
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NUREG Chapter and Related Calculation Methods

Problem | NUREG Chapter FDT?®
J-5 Chapter 4. Estimating Wall Fire Flame Height, 04_Flame_Height_Calculations.
Line Fire Flame Height Against the Wall, and Corner xls
Fire Flame Height Wall_Line_Flame_Height
Corner_Flame_Height
Wall_Flame_Height
J-6 Chapter 2. Predicting Hot Gas Layer Temperature 02.2_Temperature_FV.xls
and Smoke Layer Height in a Room Fire with Natural
and Forced Ventilation
Method of Foote, Pagni, and Alvares (FPA)
Compartment with Thermally Thick/Thin Boundaries
Method of Deal and Beyler
Compartment with Thermally Thick/Thin Boundaries
J-7 Chapter 5. Estimating Radiant Heat Flux from Fire 05.2_Heat_Flux_Calculations_ W
to a Target Fuel ind_Free.xlIs
(Solid Flame 2)
Solid Flame Radiation Model
(Target Above Ground Level, with Wind)
J-8 Chapter 6. Estimating the Ignition Time of a Target 06_Ignition_Time_Calculations.xls
Fuel Exposed to a Constant Radiative Heat Flux
Method of Estimating Piloted Ignition Time of Solid (Ignition_Time_Calculations1)
Materials Under Radiant Exposures. Method of
(1) Mikkola and Wichman, (2) Quintiere and Harkleroad
and, (3) Janssens
J-9 Chapter 7. Estimating the Full-Scale Heat Release 07_Cable_HRR_Calculations.xls
Rate of a Cable Tray Fire
J-10 Chapter 9. Estimating the Centerline Temperature of a | 09_Plume_Temperature_Calcul
Buoyant Fire Plume ations.xls
J-11 Chapter 10. Estimating Sprinkler Response Time 10_Detector_Activation_Time.xlIs
(Sprinkler)
J-12 Chapter 12. Estimating Heat Detector Response Time 10_Detector_Activation_Time.xls

(FTHDetector)
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NUREG Chapter and Related Calculation Methods

Problem | NUREG Chapter FDT?®

J-13 Chapter 13. Predicting Compartment Flashover 13_Compartment_Flashover_
Compartment Post-Flashover Temperature. Calculations.xls
Method of Law.
Minimum Heat Release Rate Required to Compartment | (Post_Flashover_Temperature)
Flashover.
Method of (1) McCaffrey, Quintiere, and Harkleroad (Flashover-HRR)
(MQH), (2) Babrauskas, and (3) Thomas

J-14 Chapter 14. Estimating Pressure Rise Attributable to a 14_Compartment_Over_Pressure
Fire in a Closed Compartment _Calculations.xls

J-15 Chapter 17. Calculating the Fire Resistance 17.1_FR_Beams_Columns_Sub
of Structural Steel Members stitution_Correlation.xIs (Beam)
Empirical Correlations

J-16 (a) Chapter 3. Estimating Burning Characteristics 03_HRR_Flame_Height_Burning
of Liquid Pool Fire, Heat Release Rate, _Duration_Calculations.xls
Burning Duration, and Flame Height

(b) Chapter 2. Predicting Hot Gas Layer Temperature 02.1_Temperature_NV.xls
and Smoke Layer Height in a Room Fire with Natural
and Forced Ventilation
Method of McCaffrey, Quintiere, and Harkleroad (MQH)
Compartment with Thermally Thick/Thin Boundaries

(c) Chapter 9. Estimating the Centerline Temperature 09_Plume_Temperature_
of a Buoyant Fire Plume Calculations.xls

(d & e) Chapter 5. Estimating Radiant Heat Flux from Fire 05.1_Heat_Flux_Calculations_

(f)

(9)

to a Target Fuel

Wind-Free Condition

Point Source Radiation Model
(Target at Ground Level)
Solid Flame Radiation Model
(Target Above Ground Level)

Chapter 10. Estimating Sprinkler Response Time

Chapter 13. Predicting Compartment Flashover

Wind_Free.xlIs
(Point Source)
(Solid Flame 2)

10_Detector_Activation_Time.xls
(Sprinkler)

13_Compartment_Flashover_
Calculations.xls
(Flashover-HRR)
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NUREG Chapter and Related Calculation Methods

Problem | NUREG Chapter FDT?®
J-17 Chapter 3. Estimating Burning Characteristics 03_HRR_Flame_Height_Burning
of Liquid Pool Fire, Heat Release Rate, _Duration_Calculations.xls
Burning Duration, and Flame Height
Chapter 2. Predicting Hot Gas Layer Temperature 02.1_Temperature_NV .xls
and Smoke Layer Height in a Room Fire with Natural
and Forced Ventilation
Method of McCaffrey, Quintiere, and Harkleroad (MQH)
Compartment with Thermally Thick/Thin Boundaries
J-18 Chapter 3. Estimating Burning Characteristics 03_HRR_Flame_Height_Burning

of Liquid Pool Fire, Heat Release Rate,
Burning Duration, and Flame Height

Chapter 8. Estimating Burning Duration
of Solid Combustibles

_Duration_Calculations.xls

08_Burning_Duration_Solids.xls
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Problem J-1

Problem Statement

Consider a compartment 9.0 m wide x 9.0 m long x 3.7 m high (30 ft wide x 30 ft long x 12 ft high)
(w, x|, x h,) with a door vent that is 0.92 m wide x 2.15 m high (3 ft wide x 7 ft high) (w, x h,). The
fire is constant with an HRR of 1,500 kW (1,422 Btu/sec). Assume that the top of the vent is at
2.45 m (8 ft). Compute the hot gas temperature in the compartment, as well as the smoke layer
height, at 5 minutes after the ignition, assuming thatthe compartmentboundaries are made of 2.54
cm (1.0 in) thick gypsum board.

i= We= 30t =‘

N, lo= 301t

=12ft

wyy= 3t \L
= e
J G=1s00kw

Problem 1: Compartment Fire with Natural Ventilation

Solution
Purpose:

(1) Determine the hot gas temperature in the compartment (T,) att = 5 min after ignition.
(2) Determine the smoke layer height (z) att = 5 min after ignition.

Assumptions:

(1) Air properties (ambient) are at 25 °C (77 °F).

(2) The ceiling is unconfined, unobstructed, and flat.

(3) The heat flow through the compartment boundaries is one-dimensional.
(4) The heat release rate (HRR) is constant.

(5) The fire is located at the center of the compartment or away from the walls.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT*:
(a) 02.1_Temperature_NV .xls
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FDT® Input Parameters:
Enter the following parameters in the spreadsheet (values only):

- Compartment Width (w,) = 30 ft

- Compartment Length (I,) = 30 ft

- Compartment Height (h,) = 12 ft

- Vent Width (w,) = 3 ft

- Vent Height (h,) = 7 ft

- Top of Vent from Floor (V;) = 8 ft

- Interior Lining Thickness (8) = 1 in

- Select Material: select Gypsum Board from the combo box
- Fire Heat Release Rate ()| = 1,500 kW

- Time after Ignition (t) = 5 min

Note: When Gypsum Board is selected, its thermal properties are automatically
selected from the table and entered in the corresponding input cells.

Results*

From the table of results of the spreadsheet at t = 5 minutes after ignition we obtain:

Hot Gas Layer Temperature Smoke Layer Height
T,°C (°F) z m (ft)
351 (664) 2.44 (8.00)
smoke is exiting through the vent

*spreadsheet calculations attached on next page

J-6



Spreadsheet Calculations
FDT®: 02.1_Temperature_NV.xls

CHAPTER 2. PREDICTIHG HOT GAS LAYER TEMPERATURE AHD SMOKE
LAYER HEIGHT IH A ROOMFIRE WITH HATURAL VENTILATION

COMPARTMEHNT WITH THERMALLY THICK THIN BOUHDARIES

wersion 18050

Tie Wy calen Bton s estmate the botgas Byer Bmperatare an smoke Byer ke Dt h encksr e e,

Parame®rs In VELLCW CELLS are BEntersd by the User,

Parame®re In GREEN CELLS are automatically Selectd Tom e DRCP CCOWAH MEND forthe Materlal Selec B d.
Allpabzec uen tonptvales ae calkoabre oy the spre sk bes tand base dor vales spcfec v te hpit

paBRmet B, ThE speadsie et b prok ced and e cie Bavokle roE die 0 a wiong e ity I a ce g,

The chapk rthie HUREG shontl be readbet e an anaksh B mak .

IHPUT PARAMETE RS

COMPERTRMENT INROR MATICH
Compa tme st WHE 0.0
Companme it Lereth 03 .00
Compatme it He kbt 4 12.00
Ve itV KRN W 3.00
WentHe bt i s 1.
Tepr ot wenttiom Fhor &0 8.0
Interkor Ll g Th Ehwess &) 1.0

nerm e -

AMEBIENT CONDITE: NS
AmbkNtAr Temperatire (T
Spechic Heatof Alr &) (W]
Embkytar Devify o 1,15 Faim

THERMAL PROPERTIES OF COMPARTMENT ENCLCS ING SURFACES FOR
Interior Linle ) Thermal e rif o pci 0.18
Iiterior Linle g ThemalCord ety & oooIT
Ite riar Linly g Specie Heat i K
Interkor Linle ) Dens by s EIE]

Mok - AT deri by wilavomatically correct whh 2mbe s tair Te mpe ame 70 hpt

EXFERIMENTAL THERKMAL FROFERTIES FOR COMMON INTERIOR LIMING MATERIALS

Bt fal r.p-? k o i Select Material
i Ao —sec Lk -1 kb ol LREIN Ginsum Board E
Al A e 00 0206 0595 2710 Seroll to deslrsd matrial then
B el 5% Calon) 197 o0s 0455 7350 Cick he selection
ColcrEE 2.8 00015 0715 2400
Brik 1.7 =3 0= 200
Glas, Plak 1.6 o ST G 0= 710
BrckConc B e B biok 1.2 00T 3 = 1900
Gyps vm Boar 0.18 0.7 1.1 =0
Plwoiel 0.8 ) b 25 540
Fler lnznlatbn Board .16 000053 123 2
= hipcard 0.15 00 125 =0
2 @k COICEE 0.12 el 056 50
Pl e xoa el 0.1z 0mnG 05l =30
Caklim SlEak Boarl 0.0 I K] .12 T
20m kA Sk Blck 0,035 000 4 1 e
Glass Fher 3o lation 0.001 5 0 0000 0 [
Expanded Polyitiens 0.001 00003 15 el

User Spechied Vake EvErvale Evk rvalie EnE 'valie Eik rvalne



IRE SFECIFICATIONS

Fire Heat Release Rate (0 150000 kv
Calculate

METHOD OF McCAFFREY, QUINTIERE, AHD HARKLEROAD (MOH)

ReRrence | SFPE Hanchook of Fie Probe dion Sngineeriyy 3 Bl lon, 2002, Page 3175,

4T, = 6.85 [0 A 0k
ihere 4T, = T.-T.=upper layer gas temperature rize abowe ambisnt (K
0 = heat release rate ofthe fire 7
A= area of wentilation opening (m)
h. = height of wertilation opening (m)
he = conective heat transer coeficient fondm -k
Ay =total area ofthe compartment enclesing surface boundaries excluding area of went openings (m)

frea of Verntil ation Opening Calculation

A= (..

here A, = area of wentilation opening (m)
w .= wvent width ()
h. = went height (ml

A= 1.85m

Themnal Penetration Tirne Calculation
.= (P M) (52
ihere t. =thermal penetration time (=e2c)
p = interior construction d ensty aafm )
G = interor construdtion heat capacity (othg- k)
k = interor construction themal conductity oiiime- K)
& = interior construction thickness (m?
t.= 1004 .90 sec

Heat Trarsf er Coefficient Caleu ation
b= i ped] fart <t ar 3] fart » 1
ihere h. = heat ransfer coefficient Joim -kl
b = interior constructon themral inertia (oiiim - K) -sac
(3 thermal property of material responsible forthe rate oftemperature nse)
t = time after ignition (zec)
See @ble below for results
frea of Cormpartrnert Enclosing Suface Boundaries
Py= [2twe 2 150+ 20he w0 w4 20he w0 1c)] - A
here A =total area ofthe companment enclosing surface boundares ewmcluding area of went openings im)
W .= comparment width (m)
|- = compartment length (m)
h: = compartment height (m)
A, = area of wertilation opening (m )
A= 29905 M

Compartrnent Hot Gas Laver Ternperature With Natoral viertilstion
AT, = 6.8 [2° /A0 0k

AT, = T:-Ta

T.= LT+ Tu
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Tim s &fter lgnldon (1) i AT, T, T
ik G ki K 1) iG] {"Fi
i 0.00 - - 238.00 rran
1 (1] 0.05 245.29 S47 .25 S25.73
2 128 0.04 279,82 a2 SE0.68
3 160 0.0% 299.33 F97.39 615.90
4 240 0.0% 314.09 G12.09 E42.36
3 1] 0.02 325.95 625.99 B63.TH
10 g0 0.02 365,91 6.9 1 Ti5ES
13 00 0.01 33150 (TR Ti gD
20 1200 0.01 S02.37 G00.37 EENFE
25 1500 0.01 $02.37 G00.37 98127
30 1800 0.01 30237 G00.37 98 127
33 2100 0.01 $02.37 00,37 98127
40 400 0.01 $02.37 G00.37 38127
45 oo 0.01 $02.37 G00.37 98 1.27
50 3000 0.01 30237 G00.37 98 127
53 3300 0.01 S02.37 80037 98 127
[ 3600 0.01 02,37 G00.37 FiNFE
Hat Gas Layer Tempeature
MNaurd “wentilation (iR H hiethod)
i00n
a1 — —
Y —
% BO0 [t —
5 a0
g 400
E 200
~ 200
100
I:I 1 1 1 1
1] 0 20 30 a0 1]
Time (min]

ESTIMATIMG SMOKE LAYER HEIGHT
METHOD OF YARMANA AND TANAKA

T= kS IAN+FOA

Whek I=amoke Berbekhting
@ =heatrekaze rak ofthe Mg &KW
t=the ater kykb Ged
b =compame vtheghtan
A = comparmerttborasa
k=@ constantgle o by k= 0.076.p
po=hotgas ayer o nsty gim
Pl hen by po= 3537,
T. = botgas beEremperan e (45

o partment 4rea Caleulation

A= W

Wie g & = comparkn ey tThoraea i
W, = Coim [ tme it Wkt dn
| = com pa e 1t B gt i

A= 8361 M

HotiGas Laver Cenalty Caleulation
po= 33T,

Zaleulation for Cons tant




Cation! The smoke layer beight iz 3 conservative estimmate and iz orly

interded to provide an ind cation where the bot gas layer is located. Calculated
srniokie |ayer height below the vert height are not creditable since the caled stion
iz mot accounting for the smmoke exiting the vert.

Time# » Canehntiky smoke laysrhelght| Smoke Layer halght
im (kgim 3 Ym-Ks HinK zimh
0 115 0.064 3,66 12.00
1 064 0.113 244 .00 =T 1T H
Fl 081 0,124 244 .00 A UT IO
3 0.58 0.128 a4 .00 A UT I
4 058 0. 132 244 .00 A UT IS
f] 05T 0. 134 244 5.00 A UTICH:
] 053 0.143 244 .00 A TN
13 0.5 1 0.143 244 .00 A UT IO
0 .44 .72 244 .00 AT
25 .44 0,172 244 .00 A UT IS
30 044 0.172 .44 5.00 A UTICH:
25 .44 0.172 244 .00 =T 1T H
40 .44 0.172 244 .00 O UT IO
45 .44 .72 244 .00 AT
&0 044 0.ir2 244 .00 O UT I
55 .44 0.172 a4 .00 A UT I
80 .44 [ 244 .00 =T 1T H
Smoke Lawer Height
Matual vwentilation (hethod of Yamana and Tanaka)
14
1z
P
210 IL
g Preees 2 % 2 % % 2 % + 2
E
£ 6
E 4
£ 2
0 n n n n n
1] 10 20 30 4 A0 511
Time (min]

Tre above caloulalon: are bared on prircp ks de weloped In ke SFPE Hardbook of Flre
Frokclon Engiresring, 3 Edilon, 2002,
Calanalons are bared onceriain arium pkens ae R inkerendliml mlon .,
calculalons may of may rol have rearonable predicie capab lles 1or aglven sliualon, ard shouk
only be Inkrpre kd by animonmed e,
Alhoug h each caloualon In e spreadshe s | bar bee nvedded wlh be e b ofhand caloulalon,
here 5 roabmoklle guarankes of be acouracy of e e caloulalons .
Any que slons , comments , concerns , and sugges kong, of o reporlan emonsiin be preadsheel,
plaie send anemal ke nadd e goy.

Tres el bk oTsueh

SMOEEILS
SMOEELS
SMOEEIS
SMOEEILS
SMOEEIS
SMOEEILS
SMOEELS
SMOEEIS
SMOEEILS
SMOEEIS
SMOEEILS
SMOEELS
SMOEEIS
SMOEELS
SMOEEIS
SMOEEIS

mm mmMmmimmmTMmmimmmmm

ITIHGOUT W
ITIHGOUT W
ITIHGOUT W
ITIHGOUT W
ITIHGOUT W
ITIHGOUT W

ITIHGOUT

ITIHRGOUT W
ITIHGOUT W
ITIHGOUT W
ITIHGOUT W
ITIHGOUT W

ITIRGOUT

ITIHGOUT W
ITIHGOUT W
ITIHGOUT W




Problem J-2

Problem Statement
Consider a compartment 12.0 m wide x 12.0 m long x 3.7 m high (40.0 ft wide x 40.0 ft long x 12.0 ft
high) (w, x I, x h.) with a forced ventilation rate of 3.78 m®/s (8,000 cfm). Calculate the hot gas layer

temperature in the compartment for a fire size |Q j of 2,000 kW (1,896 Btu/sec) at 5 minutes after

ignition, assuming that the compartment boundaries are made of 5.10 cm (2.0 in) thick gypsum
board.

m = 8000 cfrg__

pl

=121t

(1=2000 kW

Problem 2: Compartment Fire with Forced Ventilation
Solution
Purpose:
(1) Determine the hot gas temperature in the compartment (T,) att = 5 min after ignition.
Assumptions:

(1) Air properties (ambient) are at 25 °C (77 °F).

(2) The ceiling is unconfined, unobstructed, and flat.

(3) The heat flow through the compartment boundaries is one-dimensional.

(4) The heat release rate (HRR) is constant.

(5) The fire is located at the center of the compartment or away from the walls.
(6) The compartment is open to the outside at the inlet (pressure =1 atm).

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT*:
(a) 02.2_Temperature_FV .xls



FDT® Input Parameters:
Enter the following parameters in both spreadsheets (values only):

- Compartment Width (w,) = 40 ft

- Compartment Length (I,) = 40 ft

- Compartment Height (h,) = 12 ft

- Interior Lining Thickness (8) = 2 in

- Select Material: select Gypsum Board from the combo box
- Compartment Ventilation Rate (m | = 8,000 cfm

- Fire Heat Release Rate (]| = 2,000 kW
Note: When Gypsum Board is selected, its thermal properties are automatically
selected from the table and entered in the corresponding input cells.

Results

From the table of results of the spreadsheet at t = 5 minutes after ignition we obtain:

Hot Gas Layer Temperature* T °C (°F)

Method of Foot, Pagni, and Method of Deal & Beyler
Alvares (FPA)

203 (398) 244 (471)
*spreadsheet calculations attached on next page




Spreadsheet Calculations
FDT2: 02.2_Temperature_FV .xls

CHAPTER 2. PREDICTING HOT GAS LAYER TEMPERATURE IN A ROGM
FIRE WITH FORCED VENTILATION
COMPARTMENT WITH THERMALLY THICK/THIN BOUNDARIES

Version 1805.0

The following calculations estimate the hot gas layvertemperature and smoke layer height in enclosure fre.

FPararneters in YELLOWY CELLS are Entered by the User.

Pararmeters in GREEN CELLS are Automatically Selected from the DROP DOWH MENUfor the Material Selected.
Al subsequent output value s are calculated bythe spreadsheet and based on value = specified inthe input

par@ameters. This spreadsheet i protected and secure to aweid emors due to 3 wrong entry in @ wlis).

The chapter in the HUREG should be read before an analysis is made.

INFUT PARAMETERS
COMFARTMENT INFORMETION

Compartment Width fw.) 4000(t 1219 m
Compartment Length (0. 40000 iZ19 m
Compartment Height (h ) 1200|n 3EEm
Interior Lining Thickness (63 || O05E m
AMEIENT COMDITIONS
Ambient Ar Temperature (T, °F 2500 T
G0 |
Specific Heat of Air () 100 [kJkiH
Ambient Ar Density (e 1.1g[kam
THERMAL PROPERTIES OF COMPA RTMEMT EMCLOS ING SURFALCES
Interor Lining Thermal Inertia (ope) 001 8 [iadan -1y e o
Interor Lining Thermal Cond uctivity (0 0.0001 7 fkin 4
Interior Lining Specific Heat (o) 1 ki
Interior Lining Density (p Q6 0 |kepn
Mate: Ar density will automatically comect with Ambient A Temperature (T Input
THERMAL PROPERTIES FOR COMMVON INTERIOR LINING MATER 1AL S
e e kpe k 5 P Select Materid
(- KT -zee |oniim- K (ke Mig- K (kgdn) I Gypeirn Board B
Auminum (pure)) 500 0206 0595 710 Serollto desired material then
Steel (0.8% Carbon) 197 0.054 0465 7250 Click on selection
Concrete ] 0.0016 nFs 2400
Brick 17 0.0008 na 2600
Glaszz, Plate 14 0.00076 [LE] 2710
Brick/Concrete Block 12 0.00073 04 14900
Gypsum Board 0.12 0.00017 1.1 a60
Plywia ad 0 .16 0.00012 25 540
Fiber Insulation Board 0 .16 0.00053 124 240
Chipboard 0.15 0.00015 125 200
Perated Concrete 0.1z 0.00026 naG 500
Plasterboard 0.1z 0.00016 na4 950
Calzium Silicate Board 009g 0.00013 112 700
Aumina Silicate Block 0036 0.00014 1 260
Glass Fiber hsulation 00018 0.000037 na fi 0
Espanded Polystywene 0001 0.00003 4 15 20
User Specified “alue Eritervalue Eniter ‘Walue Eniter “Walue  [Enter "alue

Rate pnce : Kok, [ J e, Afwciples of Smore ima gemend 2002 Page 270



COMPART MENT MASS WENTILATION FLOW RATE
Forced Wentilation Flow Rate {m) 2000 00 |=tn 3ITE m gec

Lirs kasec

FIRE SPECIFICATIONS
Fire Heat Rele ase Rate (L) 200000 fkw

Calculate

METHOD OF FOOTE, PAGNI, AND ALVARES (FPA)

Fe® B b SFPEHgdhooh o Fle P Ecion Engliesring, 3 Ediba, 2002, Page 34177,

ATgTa = DEHD Mo Tl heAime )
Wi here ATy =Ty- Ta= upper layer ga temperature rge above ambient (K
Ta= ambient air temperatura (K]
L= heatreleaze rate of the fire (i
m= compartment mass we ntil ation flow rate (kg'sec)
oy = specific heat of air (kdMhg-K)
he = comvective heat transfer coefficient ﬂ('ull'.l'm_'-Kj
A= total area of the compartment enclosing s urface boundaries (m:J

Thermal Penaration Timg Calculation
= (P (8/2)
Wi heare { = thermal penetration ime (sec)
P = interior corstruction dens'rh.rﬂcg."mﬁ
o = interior construction heat capacity (e Jdog k)

k = interior corstruction thermal conductiviby Gontime 1)
8 = interior construction thickness (m)

t= 4007 582 zac

Hea Transfer Coefficient Calculation
b = wikpoty fort<t ar (higy fort=4
Wit here ty = heattransfer coefficient (irym™- )
kpe = interior construction thermal inertia (k'l.l'l.l'.i'm:-Kj:-s e
(athermal property of material responsible for the rate aftemperature ris &)
t=time after ignition (sec)
Seetable below for resulE
Arem of Compat ment Bhdosing Suface Boundaries
A= 2iwex )+ 2 Chexwd) + 2 Chex 1)
W here A= total area of the compartment enclosing s urface boundaries (m:J
- = com p artment width (m)
l.= compartment length {m}
he= compartment height (m)
Ay = area of wentilation opening (m:J
Ar= 475 FE M

Compartmert Hot Gas Layer Temperstune With Forced YWertilation
ATgfTa= DEHD mep el (heAmme)

-I':l-Tg = Tg- Ta

Ty = AT+ Ta



Tirne &fter Qnition (1] h, AT T, AT, T. T. T.
(min [sec) o dn - K (k3 (k] [ il
il a - - - 298.00 2500 Faral]
1 &0 0.035 045 133 34 431.34 158.34 7.0
2 120 n.04 051 151 06 449.06 17606 345.90
3 180 0.03 (L] 162 49 4E0.49 187.49 369.49
4 240 0.03 0.7 17113 46313 19613 385.04
5 300 0.0z 0 k0 17814 47614 203.14 EERR
10 00 0.0z 0 &8 201 82 499,82 226.82 440,27
135 500 0.01 073 21740 51510 242 10 6T 7T
20 1200 0.01 nyr 228 B4 52664 25364 455 .54
25 1500 0.01 0.a0 238 M 53601 26301 a05.41
an 1800 0.01 0g3 245 35 543.95 270.95 519.70
] 2100 0.0 0aa 252 A7 55087 2FT AT G326
40 2400 0.01 [EH 25802 55702 284.02 a45.23
45 2700 0.01 033 264 57 SB2.57 289.57 553.22
a0 3000 0.01 040 2E9 B3 SET 63 284 63 a62.34
35 3500 0.01 0 A2 27430 57230 28930 570.74
[:1] 3600 0.01 043 G FEE 303 63 A7E.53
Hot Gas Layer Temperature
Foaorced Wentilation - FPA hdethod
F00

~ GO0

i N N ’ ¥

— 500

E _._,-l—l""‘-'-—_-_

2 400

m

3 300 fﬂq

E 200 i

T am g

I:I 1 1 1
] 10 20 e 1 a0 G0
Time {min)




METHOD OF DEAL AND EEYLER

Haat Tranafer Cos e lent Cal culation
b= Odukpc/t frt=t
Where b= heat tansercoetmckat £ 45

Epc= WErbrooestricton themal ke ria lm -k <ec
a themal prope tyotmakerial reiponi e rtie rae oftemperat g e

G thbkess of WEIET I
b= 9022 EWm -

Area oTComparim s nt Bnclosing Surfic e Boundars
Ar= 200 2 Wi+ 2iex B
Ar= TAEE M

compartment Hot Gas Layer Tem perature Wi Forc ed Ventilaton

AT = idn o+ A%

Where AT = T. =T = apper bye rgas & mpe ratare rke above ambk it
T = ambErtalr emp= @tre 4
Crmheat B Bate rak of e e KW
I = cofm pa fn e ntm acs vertlation oW @ kgsed
o =gpeoft heat otal klibirk)

b =cowecte be atta e oo ok ot kW -1
A =thlaract e comparinert enche g £ ez Dondarks o'

Tim s &ftar knifon it I AT, T. T,
Mk e EWNm 4G (L] (] "Fi
1] 1] - - 25.00 Ir.on
1 1] 0.02 134.28 159.25 ERE]
2 120 0.02 16890 133,50 38 1.02
3 160 0.01 130,67 215,67 420.21
4 40 [N 20633 23133 448.78
3 300 0.0 218.93 243,93 47 118
1 1] 0o IET.4T 262,47 540.45
15 a0 0.01 27321 30421 3.7
0 1200 0.00 25400 31300 B0 620
15 1500 000 30503 330,03 2605
30 1800 0.0 31372 338.72 4170
33 2100 0.00 320,82 345,62 63448
40 2400 0.00 326.73 33073 66 5.22
45 T 0.00 3390 336,90 7442
] 3000 0.0 336.33 36133 [TFRE]
33 3300 0.00 Jd0.27 6527 68949
1] 3600 0.00 Jd43.77 E35.73
HotGas Layer Tem paraturs
Force o Vertlation - Dealand Beyle r Me thod
Goo
700
o GO0 HF________..._—
a 500
E 00 ff
& 300
B
& 200
100
0 . : . : :
a 10 0 30 L n] a0 (=1]
Te in i




Surnrnary of Re st

Hat Gas Layer Temperature
Forczd “entilation

00 = P A Feced
i el el Bty M B
Too

f00 _‘_'_'_'_.__,_.-l—l—._'-—._

|

3
E 400
L
[~
E 300
o
iy
200
100 T
1]
1] 10 0 1] 40 a0 1]
Time (min]

The abowe caleulations are based on pinciples deweloped inthe 5FPE Handbook of Fire Protection
Engireering, 3 Edition, 2002,

Cacubtions are bazed on certan assumptions ard hawe irherent limiatons. The resalts of such
cakulions may or may not hawe reasonable predictive capabilties for a given stuaion, and should
onlybe interpreted by an nfommed user,

Athough each calcudation in the spreadshea has been verified with the results ofhand cadcuation,
there is o absalute qguarantes ofthe accuacyofthese calouldions .

Fryquestions, comments, concems, and suggestions, orta report an emes) in the spreadshest,
pleaze send an emal to niEnnc.goy or mxs3Ennc.go.




Problem J-3

Problem Statement

Consider a compartment 4.6 m wide x 4.9 m long x 3.0 m high (15 ft wide x 16 ft long x 10 ft high)
with multiple vents and 15.24 cm (6 in.) of gypsum board as interior boundary material.
The compartment has two vents of 0.6 m wide x 0.6 m high (2 ft wide x 2 ft high) and one vent of
1.2 m wide x 2.1 m high (4 ft wide x 7 ft high), all located on the same wall. The top of the highest
ventis at 2.4 m (8 ft) above the floor. If the ventilation system is not operating (natural ventilation)
and at 10 minutes after a fire ignition the hot gas layer temperature reaches the failure temperature
of the IEEE-383 unqualified cable [assume T, =218 °C (T, = 425 °F) as failure for this example],
what minimum HRR might cause this failure? |s the smoke exiting the compartment at the time of
cable failure?

Consider the same compartment with a mechanical ventilation rate of 0.236 m®/s (500 cfm) and a
fire with an intensity equal to the HRR of the natural ventilation scenario. What would be the hotgas
layer temperature around the cable trays at 10 minutes after ignition? (Use method of FPA and
method of Deal & Beyler). What is the effect of the ventilation system on the hot gas layer
temperature? Compare the results of the forced ventilation scenario as a function of time after
ignition and explain the discrepancy between methods.

i e =15 1t ‘

Problem 3: Compartment Fire with Multiple Vents
Solution
Purpose:

(1) Determine the minimum HRR that could cause the IEEE-383 unqualified cable failure
at 10 min after ignition in a natural ventilation scenario.

(2) Determine if the smoke is exiting the compartment at 10 min after ignition.

(3) Determine the hot gas layer temperature (T,) at 10 min after ignition if the mechanical
ventilation system is activated and the HRR is equal to the HRR of the natural
ventilation scenario (i.e., use the answer of purpose 1).

(4) Evaluate the effect of the ventilation system in the hot gas layer temperature (i.e.,
increase, decrease, etc.).

(5) Analyze the discrepancy between the methods of FPA and Deal & Beyler, and mention
possible causes of that discrepancy.



Assumptions:

(1) Air properties (ambient) are at 25 °C (77 °F).
(2) The ceiling is unconfined, unobstructed and flat.
)

(3) The heat flow through the compartment boundaries is one-dimensional.

(4) The HRR is constant.

(5) The fire is located at the center of the compartment or away from the walls.
(6) The compartment is open to the outside at the inlet (pressure = 1 atm).

Pre FDT?® Calculations:

Equivalent Vent

Since the FDT® are designed to calculate the hot gas layer temperature and smoke layer
height based in only one vent compartment, we need to calculate an equivalent vent that

represents the three vent openings.

Vent Opening Characteristics
Width w, Height h, Are A, MQH Factor A, f~
(ft) (ft) (ft) (ft°?)
2 2 4 5.66
2 2 4 5.66
4 7 28 74.08
Total 36 84.4

The equivalent vent dimensions must satisfy the following conditions in order to have the

same effect of the actual multiple vents:

Condition 1: A, /I, = 85.4 ft*?

36 ft* ,/h,, = 85.4 ft?
h,= 5.63 ft = 5.6 ft

Spreadsheet (FDT®) Solution Procedure:

Natural Ventilation Scenario

Use the following FDT*:

(a) 02.1_Temperature_NV.xls

Condition 2: w, x h, = 36 ft*

w, x 5.63 ft = 36 ft
w,=6.39 ft = 6.4 ft



FDT® Input Parameters:
Enter the following parameters in the spreadsheet (values only):

- Compartment Width (w,) = 15 ft

- Compartment Length (l,) = 16 ft

- Compartment Height (h,) = 10 ft

- Vent Width (w,) = 6.4 ft

- Vent Height (h,) = 5.6 ft

- Top of Vent from Floor (V;) = 8 ft

- Interior Lining Thickness (8) = 6 in

- Select Material: select Gypsum Board from the combo box
- Fire Heat Release Rate (| =410 kW*

Note: When Gypsum Board is selected, its thermal properties are automatically
selected from the table and entered in the corresponding input cells.

*The HRR value is a starting value for the trial and error procedure explained below.

Because we are looking for an HRR value that could generate a hot gas layer temperature
of 218 °C (425 °F), we need to enter HRR values on the spreadsheet until get a
temperature close to 218 °C (425 °F) at 10 min after ignition. This trial and error procedure
is shown in the following table.

Trial and error procedure to determine the HRR
Target: T, = 425 °F for natural ventilation scenario

Trial Heat Release Rate Hot Gas Layer Temperature (T)

|[.Q| (KW) at 10 min after Ignition (°C) (°F)
1 100 100 (213)
2 200 145 (293)
3 300 182 (360)
4 400 215 (420)
5* 410 219 (425)

*spreadsheet calculations attached on next page for last trial at t = 10 min
Results

According to the method of McCaffrey, Quintiere, and Harkleroad (MQH), an HRR of approximate
410 kW could generate a hot gas layer temperature of 218 °C (425 °F) at 10 minutes after ignition.
But, what is important for practical purposes is that for the given compartment and ventilation
conditions, a fire power of about 400 kW (379 Btu/sec) may generate a hot gas layer temperature
of 204+°C (400+°F). Also, the smoke layer height at 10 minutes after ignition is approximately z
=0.39 m (1.27 ft), based on the method of Yamana and Tanaka. That means that the smoke could
be exiting the compartment because z is less than the height of the vent top (V;).

J-20



Spreadsheet Calculations
FDT®: 02.1_Temperature_NV .xls (Temperature_NV Thermally Thick)

CHAPTER 2. PREDICTIHG HOT GAS LAYER TEMPERATURE AHD SMOKE
LAYER HEIGHT IH A ROOMFIRE WITH HATURAL VENTILATION

COMPARTMEHNT WITH THERMALLY THICK THIN BOUHDARIES

wersion 18050

Tie Wy calen Bton s estmate the botgas Byer Bmperatare an smoke Byer ke Dt h encksr e e,

Parame®rs In VELLCW CELLS are BEntersd by the User,

Parame®re In GREEN CELLS are automatically Selectd Tom e DRCP CCOWAH MEND forthe Materlal Selec B d.
Allpabzec uen tonptvales ae calkoabre oy the spre sk bes tand base dor vales spcfec v te hpit

paBRmet B, ThE speadsie et b prok ced and e cie Bavokle roE die 0 a wiong e ity I a ce g,

The chapk rthie HUREG shontl be readbet e an anaksh B mak .

IHPUT PARAMETE RS

COMPARTRENT INFOR MATION

Compa tme st WHE 15.00
Compame vt Leneth (1 15.00
Compatme it He kbt 4 10.00
Ve itV KRN W G40
WentHe bt i s 560
Tepr ot wenttiom Fhor &0 8.0
Interkor Ll g Th Ehwess &) .00
nerm e -
AMEBIENT CONDITE: NS
AmbkNtAr Temperatire (T
Spechic Heatof Alr &) (W]
Embkytar Devify o 1,15 Faim
THERMAL PROPERTIES OF COMPARTMENT ENCLCS ING SURFACES FOR
Interior Linle ) Thermal e rif o pci 0.18
Iiterior Linle g ThemalCord ety & oooIT
Ite riar Linly g Specie Heat i K
Interkor Linle ) Dens by s EIE]

Mok - AT deri by wilavomatically correct whh 2mbe s tair Te mpe ame 70 hpt

EXFERIMENTAL THERKMAL FROFERTIES FOR COMMON INTERIOR LIMING MATERIALS

User Spechied Vake EvErvale Evk rvalie EnE 'valie Eik rvalne
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Bt fal r.p-? k o i Select Material
i Ao —sec Lk -1 kb ol LREIN Ginsum Board E
Al A e 00 0206 0595 2710 Seroll to deslrsd matrial then
B el 5% Calon) 197 o0s 0455 7350 Cick he selection
ColcrEE 2.8 00015 0715 2400
Brik 1.7 =3 0= 200
Glas, Plak 1.6 o ST G 0= 710
BrckConc B e B biok 1.2 00T 3 = 1900
Gyps vm Boar 0.18 0.7 1.1 =0
Plwoiel 0.8 ) b 25 540
Fler lnznlatbn Board .16 000053 123 2
= hipcard 0.15 00 125 =0
2 @k COICEE 0.12 el 056 50
Pl e xoa el 0.1z 0mnG 05l =30
Caklim SlEak Boarl 0.0 I K] .12 T
20m kA Sk Blck 0,035 000 4 1 e
Glass Fher 3o lation 0.001 5 0 0000 0 [
Expanded Polyitiens 0.001 00003 15 el



IRE SFECIFICATIONS

Fire Heat Release Rate (0 A 0.00 |k
Calculate

METHOD OF McCAFFREY, QUINTIERE, AHD HARKLEROAD (MOH)

ReRrence | SFPE Hanchook of Fie Probe dion Sngineeriyy 3 Bl lon, 2002, Page 3175,

4T, = 6.85 [0 A 0k
ihere 4T, = T.-T.=upper layer gas temperature rize abowe ambisnt (K
0 = heat release rate ofthe fire 7
A= area of wentilation opening (m)
h. = height of wertilation opening (m)
he = conective heat transer coeficient fondm -k
Ay =total area ofthe compartment enclesing surface boundaries excluding area of went openings (m)

frea of Verntil ation Opening Calculation

A= (..

here A, = area of wentilation opening (m)
w .= wvent width ()
h. = went height (ml

A= F33m

Themnal Penetration Tirne Calculation
.= (P M) (52
ihere t. =thermal penetration time (=e2c)
p = interior construction d ensty aafm )
G = interor construdtion heat capacity (othg- k)
k = interor construction themal conductity oiiime- K)
& = interior construction thickness (m
t.= BE06S .24 sec

Heat Trarsf er Coefficient Caleu ation
b= i ped] fart <t ar 3] fart » 1
ihere h. = heat ransfer coefficient Joim -kl
b = interior constructon themral inertia (oiiim - K) -sac
(3 thermal property of material responsible forthe rate oftemperature nse)
t = time after ignition (zec)
See @ble below for results
frea of Cormpartrnert Enclosing Suface Boundaries
Py= [2twe 2 150+ 20he w0 w4 20he w0 1c)] - A
here A =total area ofthe companment enclosing surface boundares ewmcluding area of went openings im)
W .= comparment width (m)
|- = compartment length (m)
h: = compartment height (m)
A, = area of wertilation opening (m )
A= 9.8 M

Compartrnent Hot Gas Laver Ternperature With Natoral viertilstion
AT, = 6.8 [2° /A0 0k

AT, = T:-Ta

T.= LT+ Tu
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Tirne &t er kgrition it] b AT, T. T, T
(mir) [gec) (nim - 1) 9] (K [ LF)
1 000 - - 23800 25.00 77.00
1 [:11] 0o 131488 42988 156 88 1439
2 120 on4 14203 446103 17203 42 48
3 180 on: 15838 435638 18338 J62 0%
4 240 o0n: 1EE.1E 46416 13116 37E0A
b 300 anz 172 48 470 48 197 48 38742
10 EO0 onz 19357 43157 21857 42543
15 ann o 20711 50511 2321 44974
20 1200 om 21728 $1528 24228 A6E A0
25 1500 om 225 5235 235051 87 82
] 1200 [ 2R 47 53047 25747 495 45
35 2100 om 2ae 52 F36 52 ZERS2 a0E 24
40 2400 om 24389 54129 26829 S16.00
45 2700 om 24872 54672 27372 52470
A0 3000 0 25313 55113 FEERE EEFE]
bis] 2300 o 25748 55548 28218 53943
[:41] 2600 001 26034 55884 28584 S4E B3
Hot G as Layer Temper ature
M atural Ve ntil ation (MWQH hethod)
G00
{00 — % ad
= e
a 400
=
= f /r'—
(=9
g 200
Ll [0
u]
u] 10 o 20
Time (min]
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ESTIMATING SMOKE LAYER HEIGHT
METHOD OF YARMANA AND TANAKA

L e R R
Whe B

T=gmoke erbekhting

G =heatrekae rak otthe e KW
t=the ater kb Eec

bo=companme ithe it

A = comparmerttborasa n
K =aconsantgle by k= 00767
po=hotoEs Byer ok sy ko

Pl ghen by p,= 353T

T, =hctga BEremperae (45

o s riment &raa Caleulation

A = comparmerttboraea n’)

4 - W
Whe B
W= i e ntwkRth an
| = com pa dme ot B gt qng
A - 22.30 M

HotGas Laver Denalty Calculation

po= IENT

Caleulation for Constant I

k= 007 e

Smoke Gas Laver Helght Wi Hawral vendlation

- (2RO B3A] + (1

Cation! The =moke |=ywer height i= 3 conservative estind e andi=s only

intended to provide =n indicgion wherethe hot gas layerislocged. Cdoulgded
=mia ke | =yer height b overthe went height =re not credit sble since the calculstion
i= nat accounting for the smoke exiting the went.

Tim# [ constant ik smoke Layer Melaht | Smoks Layerhalaht

ik gk AN -F) B M
0 .18 0.064 3.05 10,00
1 052 0053 2.4 8,00 CAUTESH:
z 0.3 0036 .44 5.00 CAUTESN:
2 [ 0058 2.4 8,00 CAUTESH:
4 [ 0100 .44 5.00 UTEN
5 .75 0101 144 8.00 CAUTION
10 0.2 0106 .44 5.00 UTKN:
15 0.7 0103 2.4 8,00 CAUTESH:
20 063 0111 .44 5.00 CAUTESN:
25 [ [RIE 244 8,00 UTESH;
30 067 0114 .44 5.00 CAUTESN:
35 [ [N 2.4 8,00 CAUTESH:
4 0.5 017 .4 500 CAUTESN;
45 0.5 0118 2.44 8.00 UTESH;
50 0.64 0113 44 5.00 CAUTESN:
55 064 0120 244 8,00 CAUTESH:
50 0.63 [ .44 5,00 CAUTESN:
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SMOKE 15 EXITING CUT

SN

SMOKE 15 EXITING QUT

sN

SMOKE 15 EXITING QUT

SMOKE 15 EXITING CUT V|
SMOKE 15 EXITING QUT V|
VENT

SMOKE 15 EXITING QUT

SMOKE 15 EXITING QUT V|
WENT
VENT

SMOKE 15 EXITING QUT
SMOKE 15 EXITING CUT

SMOKE 15 EXITING CUT W

KE I5 EXITING CUT V|
SMOKE 15 EXITING QUT V|
L SMCKE 15 EXITING QUT
L SMOKE 15 EXITING SUT W
YENT
EE |5 EXITING CUT V|
SMOKE 15 EXITING CUT V|
VENT

VENT

ENT
ENT

YENT

ENT

ENT
ENT

ENT
ENT

ENT

ENT



Smoke Layer Height
Matural Wertilation (Method of Yam ana and Tanaka)
12
=[]
o
25 Besans . * + * * * ¥ + * '
L
E =1
= 4
(=]
T 2
=
0
1] 10 20 30 40 S0
Time [min)

The abowe calculations are based on principles deweloped in the 5F PE Handbook of Fire

Protection Engineering, 3 Edition, 2002

Calculations are based on cer@in assumptions and hawe inherent limitatons. The results of [uch
caleulations may or maynot hawe reasonable predictive cap abiliies for 3 given situation, and should
only be interpreted by aninformed user.

Athough each calcalation in the spreadsheet has been weried withthe results of hand caleulation,
there iz no absolute guarantes ofthe accu@ey ofthese calcubtions.

Aoy question s, comments, concems, and suggestions, orto report an eron’s) in the spreadshest,
please sznd an &mail to o Enne gow.
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Spreadsheet (FDT®) Solution Procedure:
Forced Ventilation Scenario

Use the following FDT®:

(a) 02.2_Temperature_FV.xls

FDT® Input Parameters:
Enter the following parameters in both spreadsheets (values only):

- Compartment Width (w,) = 15 ft

- Compartment Length (l,) = 16 ft

- Compartment Height (h,) = 10 ft

- Interior Lining Thickness (8) = 6 in

- Material: select Gypsum Board from the combo box
- Compartment Ventilation Rate i = 500 cfm

- Fire Heat Release Rate || =410 kW
Note: When Gypsum Board is selected, its thermal properties are automatically
selected from the table and entered in the corresponding input cells.

Results
From the table of results of the spreadsheet at t = 10 minutes after ignition we obtain:

Hot Gas Layer Temperature* T, °C (°F)

Method of Foot, Pagni, and Method of Deal & Beyler
Alvares (FPA)

329 (625) 440 (824)
*spreadsheet calculations attached on next page

These results demonstrate that the ventilation system is able to increase the hot gas layer
temperature. That is, for a specific compartment and heat release rate, the ventilation
system can drastically increase the hot gas layer temperature due to the oxygen supply.

J-26



Spreadsheet Calculations
FDT®: 02.2_Temperature_FV.xls

CHAPTER 2. PREDICTING HOT GAS LAYER TEMPERATURE IN A ROOM
FIRE WITH FORCED VENTILATION
COMPARTMENT WITH THERMALLY THICK/THIN BOUNDARIES

Version 13 05.0

The following calculations estimate the hot gas lavertemperatiure and smoke layer height in enclosure fre.

Pararneters im YELLOW CELLS are Ertered by the User.

Pararmeters in GREEM CELLS are Auomatically Selected from the OROP DOWH MENUfor the Material Selected.
Al subsequent output value s are calculated bythe spreadsheet and based on value s specified inthe input

par@meters. This spreadsheet i protected and secure to awoid emors due to 3 wrong entry in 3 i)

The chapter in the HUREG should be read before an analysiz is made.

INFUT PARAMETERS
COMPARTMENT INFORKMATION

Compartment Width (o ) 1500 LA m
Compartment Length () 1600|n LEm
Compartment Height (h ) 1000|n 3Em
Interior Lining Thickness (6] || 04524 m
A MEBIENT CONDITIOMNS
Ambient Ar Temperature (T, °F 2500 T
2500 |
Spedific Heat of Air () 100k kiH
Ambient A Density (e, 114 [kam
THERMAL PROPERTIES OF COMPARTMENT ENCLOSING SURFA CES
Interor Lining Thermal Inertia (kpc) 0.1 8 [ikan -1y e o
Interior Lining Thermal Conductivity (k1 0.0001 7 fkinin 4
Interior Lining Specific Heat () 1.1 ke
Interior Lining Density (p) Q60 ke
Mote: Ar density will astomatica lly comect with Ambient Ar Temperature (T Input
THERMAL PROPERTIES FOR COMMON INTERIOR LINING MATERIALS
Iru1 s b po k o P Select Materis
(AT K- Jfwimek)  |delleg- by [(hadn ) [ wesim Beard ]
Auminum (pure] S00 0.206 0aas 2710 Scrollto desired material then
Steel (0.5% Carbon) 1497 0054 0 465 T 850 Click on selection
Concrete K| 0.0016 ora 2400
Birick 17 0 .OOCE oa 2600
Glass, Plate 15 000075 o 2710
BricksConcrete Block 12 000073 L) 14900
Gypsum Board 0.1a 0.00017 141 A 50
Plywood 016 0.00012 ] e
Fiber Insulation Board 0 .16 000053 125 240
Chipboard 0.5 0.00015 124 00
Ferated Cononete 0.12 00002 DAg 500
Plasterbo ard 0.12 0.00016 L) 950
Calcium Silicate Board 0095 0.00013 112 T 00
Aumina Silicate Block 0 036 000014 1 260
Glass Fiber hsulation 0 001a 0000037 o [i11]
Espanded Polystywene 0001 000003 4 15 20
User Specified Walue Eriter value Eniter ‘Walue Eniter “Walue  [Enter "alue

Fete pace D HoB, J J A, Plicines or Smoke Lenagament 2002 Page 270.
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COMPART MENT MASS WENTILATION FLOW RATE
Farced Wentilation Flow Rate (m) SO0 00 |efm 023 m sec
0230 kogec

FIRE SPECIFICATIONS
Fire Heat Release Rate (L) 000 [k

Calculate

METHOD OF FOOTE, PAGHI, AND ALVARES (FPA})

Fe® g ace: SFPE Hanchook of Sle Pmicion Sngliearing, 3 Editba, 2002, Page 3-177.

ATgiTa = QLB mop Tal 1 A m e
W here ATy =Ty- Ta= upper layer gas temperature rise abowe ambient (k)
Ta= ambient air temperature (k)
0= heatreleaze rate of the fire (i)
m= compartment mass we ntil ation flove rate (kg'sec)
o = specific heat of air (kJdog- k)
bk = comvective heat trarsfer coefficiant (k'l.l'l.l'.i'm_.-Kj

A= total area of the compartment enclosing = urface boundaries (m:j

Therma Penaration Timn_a Calculation
= (peph]) (8127
M here t = thermal penetration ime (sec)
P = interior corstruction -:Iensi‘h.rﬂcq.l’rnﬁ
oy = interior construction heat capacity (kg )

k = interior corstruction thermal conductivity gonddme 1)
8 = interior construction thickness (m)

= SJEOES .24 sec

Heat Transfer Coefficient Calculation
by = wihpety  fortety or (kdy fort=d
M here he = heattransfer coefficient (kii/m - k)

kpe = interior construction thermal ineria ﬂc'l.lll'."m:-lv{]:-s =1
(athermal property of material responsible for the rate aftaemperature ris &)
t=time after ignition (sec)
Seetable below for resulE
Area of Compart ment Bhdosing Suface Boundaries
A= 2iwex |+ 2 Chexwd + 2 (hex 1)
M here A7 = total area of the compartment enclosing s urface boundaries (m )
- = com p artment width (m)
l.= compartment length {m}
he= compartment height (m)
Ay = area of wentilation opening (m)
b= 10249 m-

Compartmert Hot Gas Layer Tempersture With Forced Wertilaion
ATy Ta = 0BG M Tal 1 AT

ATy = Ta- Ta

T.g = -Ifl-Tg + T,'_!.
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Tirne &fter Gnition [t | b, aT_T, AT, T. T. T.
(min [sec) o dn - K (k3 (k] [ il
] 1] - - - 292.00 25 00 Fron
1 41 0.03 0EY 201 07 43807 22607 4358.92
2 120 0.04 07E 22V T8 d2a.vs 23278 43701
2 180 0.0z 0az 24503 54203 27003 a18.06
4 240 0.03 0s7 238 03 G360 283.03 ad .50
3 300 0.0z [ET] 2E2 E3 SEE.E3 293 63 AE0.53
10 500 0.0z 1.0z 304 33 E02.33 32933 E24.73
13 00 0.01 140 32T 2T E2a.37 332,37 EEE 2B
20 1200 0.01 148 344 77 B2 77 36977 E47.58
23 1500 0.m 120 338 A0 E3E.30 383.90 f2z.m
20 1500 0.01 124 EREN EED DY 39587 74457
3 2100 0.0 128 3130 E7a.30 406 .20 TE3.33
40 2400 0.0 121 390 58 EBE .S 413558 TE0.04
43 2700 0.0 134 398 83 E96.93 423.93 7511
a0 3000 0.01 128 40E 53 70453 431,53 202 .26
35 3500 0.01 124 412 B2 7162 438 62 2252
&0 3600 0.01 1.41 420 135 RERE 445 .13 83327

Hot Gas Layer Temperature
Farced Wentilation - FPA Method

P —

th @ ~J

Temperature (°F)
= k3D [nniim)
-BEE88E8888
™y

n] 10 20 .1 40 a0 G0

Time {min)
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METHOD OF DEAL AND BEYLER

Re Rrerye  SFFE Hrohook of Fie Fraedion Sieesy 3 Blllay, D02, Page 3178,

Heat Trane fer Costelant Caleulation
b= Gludkps 't drt=t
Whe b= heat mansk rooe wEk it d i -1

Fpc= Inte rlor co st ction the moal e ria £ -1 e
@the malpppe iy otmak dal Rspoas bk Brike rate of Bmpe@ae rke
O=thkkuess of BB g dn

b= 0022 EWin -}

Araa of Comparim ent Encloeing Surfacs Boundarlss
5 - e S RS2 TR S e I B
A= 1z m

Compartm ent HotGas Layer Tem peraturs W Forcs d wentlla ion

AT = Qo dim oo +h B

Whe AT =T -T.=pperbyergas EmpE= @t e rke above ambeto
T.=ambk rtalr mp= ratre 4o
G = heat g kaie @k oTthe e KW
m = comparmentmass ve ntihtor Tbw rate kgsec
co=speckic ieatotalr & J4g-1
b= convectbe heatt@es rooe Mk ot £Win -1
A =talara oTthe compartme vte icoIbg s0tace bondarks

Tim & &Tter lgnition (1) I AT, T, T, T,
in i Fe Em -k i I flas) "Fi
0 0 . - 238.00 25.00 Fr.oon
1 [ 0.02 450,80 167,80 ERAT]
2 120 0.02 1811 245. 11 475.20
3 180 0.1 35878 285.78 346.41
4 240 0.01 33107 31807 E04.52
3 300 0.01 61811 345,11 655,20
10 &0 0.1 A 44017 1431
13 00 0.1 TeOT 303.07 93T.52
20 1200 0.00 §23.53 530,53 1022.593
13 1500 0.00 g6 172 HIRH 103 1.63
30 1800 0.00 3567 620.67 1145.21
i3 2100 0.00 2112 648, 12 1198.62
40 2400 0.00 345,18 BT 18 1241.83
43 aron 0.00 JBEFE 693,53 1280.35
30 0o 0.00 AT F12.73 13 1432
35 3300 0.0 1003, 16 T30 16 134630
(1 3600 0.00 101519 T4E. 10 1374.53
Hat Gas Layer Ternperature
Farced Yentilation - Deal and Beyer hizthod
1600
1400

Time (min)
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Surnrnary of Re st

Hat Gas Layer Temperature
Forczd “entilation

1500 s | P A M el

1400 e Dl ] Eyler M2 Bocel
1300 —
1200

_-l-l"-'.'-—-_

1100

£ ooo —

a0

200 - R .
700 -":.____,,_.__. =

GO0

500
400
00

o0
100

Temperature [

1] 10 20 20 40 a0 1]
Time (min]

The abowe caleulations are based on pinciples deweloped inthe 5FPE Handbook of Fire Protection
Engireering, 3 Edition, 2002,

Cacubtions are bazed on certan assumptions ard hawe irherent limiatons. The resalts of such
cakulions may or may not hawe reasonable predictive capabilties for a given stuaion, and should
onlybe interpreted by an nfommed user,

Athough each calcudation in the spreadshea has been verified with the results ofhand cadcuation,
there is o absalute qguarantes ofthe accuacyofthese calouldions .

Fryquestions, comments, concems, and suggestions, orta report an emes) in the spreadshest,
pleaze send an emal to niEnnc.goy or mxs3Ennc.go.
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Problem J-4

Problem Statement

Consider a pool fire caused by a 38.0 liters (10 gallons) spill combustible liquid (kerosine oil) in a
0.55-m? (6.0-ft?) dike area in a compartment with a concrete floor. The kerosine oil is ignited and
spread rapidly over the surface, reaching steady burning almost instantly. Compute the HRR,
burning duration, and flame height of the pool fire. The dimensions of the compartmentare 6.0 m
wide x 6.0 m long x 3.7 m high (20.0 ft wide x 20.0 ft long x 12.0 ft). Two cable trays are located
above the poolfire at heights of2.15 m (7.0 ft) and 3.0 m (10.0 ft), respectively. Determine whether
flame willimpinge upon the cable trays. Assume instantaneous, complete involvement of the liquid
pool with no fire growth and no intervention by the plant fire department or automatic suppression

systems.
Wz = 20 ﬁ40(
|
- el 1011 | \
i ¢ = 20f1
I
i
1
1
1
I he= 121t
W= 10 gal
2
A =0
e Ol Spill \
Problem 4: Compartment with Liquid Pool Fire Scenario
Solution
Purpose:

1) Determine the HRR of the liquid pool fire.

(2) Determine the flame duration.

(3) Determine flame height (H,).

(4) Determine if the flame will impinge the cable trays.

Assumptions:

(1) There is instantaneous and complete involvement of the liquid in the pool fire.
(2) The pool fire is burning in the open.

(3) The pool is circular or nearly circular and contains a fixed mass of liquid volume.
(4) The pool fire is in the center of the compartment or away from the walls.
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Spreadsheet (FDT®) Solution Procedure:

Use the following FDT*:

(a) 03_HRR_Flame_Height_Burning_Duration_Calculations.xls

FDT® Input Parameters:

Enter the following parameters in the spreadsheet (values only):

- Fuel spill volume (V) = 10 gallons
- Fuel Spill Area or Dike Area (A,.) = 6.0 ft°
- Select Fuel Type: select Kerosine from the combo box

Note: When Kerosine is selected, its properties are automatically selected from the
table and entered in the corresponding input cells.

Results

Heat Release Rate* Burning Pool Fire Flame Height*
Q kW (Btu/sec) Duration* H¢ m (ft)
t, (min)
Method of Method of Thomas
Heskestad
890 kW (843 Btu/sec) 24 2.7 m (8.8 ft) 2.3 m (7.6 ft)

*spreadsheet calculations attached on next page

Both methods for pool fire flame height estimation show that the flame could impinge

upon the cable trays.
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Spreadsheet Calculations

FDT®: 03_HRR_Flame_Height_Burning_Duration_Calculations.xls

CHAPTER 3. ESTIMATING EURNIMG CHARACTERISTICS OF LIGQUID POCL F

HEAT RELEASE RATE, BURMING DURATION, AND FLAME HEIGHT
Werslon 180350

Tre tol g -c;u.lalcn: exlmake T realreleare rak, mirg dualon and Tane beghl for lgud pool e,
Fammsrein VB LCWCE LT ars Endered by his U,

Farmms®ercin GREEH SR L2 am Submatoally Sdsodld fom tie DRODP COWHRMENR U Tor His Fus Sdeoded.

Alpbrequenl oupuluduer Te caladaked by be preasdsiees Lo baped on sae s spedied In b npul
parame ks, This sprealsres | prokeckd and sears loauck emors e loa wrong eniy na el
Thee chogp krin e WURED shoul be resd bevore anaralyrl 1r mak .

JMEUT PARAMETERS

IRE,

FLel Spllvidume o 1000}, .
Fuel Zpll Areaor D2 A2ads, 500
Rars Baming Rake ofF el im's []=]
Briechie Heal of Comblslonot Fud (2 ) $E00|
Fuel Derully (s 30},
Bnpcal Consland (ks 35
AnbknlAF Temperakre (T2 77

Grad ol Acdyalondg asl

Anbknlar Deral §oop s 112

| calcula® ]
ok A dernl Al anomalcaly coreclwl BAmblen] Ar Temper s (T, 1!

THEFMAL FROIFPERTIEZ DATA
EUFHING FAT EDAT AR RLEZWIDHY DRCCSSREDH FUEL 2

gwleot Fusl Typ#
Sar g =

b M5 Burring Rak Healol Combuslan Derully Emplicd S bl
"k gbn e iH. . el b kgm Epim
1% bl :F:TH 200 I 100
ol [7:1H] l2a 200 =1 100
Eullare [f=] +3,700 =72 27
Beroere 0ES 40,100 =it 27
Hexaw 0T+ 44,700 =) 18
Hep lare 0.1 44500 T 11
wlere o 40,300 T 14
Acelore [:¥=9] 2= 200 r=n 18
Dlovare: ool 26 200 05 .4
Dk Iy Eler 0ES 34,200 14 o7
Bere e 44,700 4 35
Carore [ef=] 43,700 I 2.1
Ferodre [a¥zc] 43,200 ez 35
D 22l [F=T] 4,400 g 2.1
JE-4 (¥ 43,300 e 35
JP-3 (¥ 43,000 =21} 15
Transiomer Oll, Hydrocab on [afac:] 43,000 [ren 0T
1 dlon Trarcimer Fud 0ms [, 100 [ 16
Fuel O, Heawy (¥t E=ki] EHE 17
Cne Oll (¥ 42 0 2= 22
Lube O [afacs] 45,00 e 1
User Spedied vae Erier vdie Eribr vake Erier vidue Erier Vdue
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ESTIMATING POOL FIRE HEAT RELEASE RATE

Fegreyce  SFFEHadboo ofFle Ao ecion Sigieaning | 37 Bdkby, 2002, Fage 325,

Q=m4H. ,{1-e 1A
M here 0= poal fire heat release rate Jans
'= mass burning rate of fuel per unitsuface area (kg'm -z ec)
AH. .= effective heat of combustion of fuel (kdiog)
A= fees=surface area of pool fire (area invohred inwvaporization) (m
kfi = empirical corstant (m
[ = diameter of pool fire (diameter invohred in waporization, circular pool s assumed) (m)

Fodd Fire Diamaer Cacalaion

P = T i
' hare Ay =surface area of poal fire (m)
[ = poal fire diamter (m)

[ = il b 70

L= 0842 m

He=a Rde=mse Rae Calculation (LEmkE with Blatbe ks bbh sk polit, ke ranstmer oll, manle
Q=maH. . (1-a " 1A koakked keathg o ackk i ko
[2= 523,91 ki 843,48 Btufsec

ESTIMATING POOL FIRE BURHING DURATICON

Rekreics  SFPERanchook of Fle Poecion Sighearing 20 Editb, 1995, Pacg 3197,

t=dSinl e

W here t. = burning dur ation of pool fine (5ec)
W= wolume of liquid (m )
[ = poal diameter (m)
W =regression rate (misec)

Calcdaion for Regression Rate

W= m'ip

i here W =regression rate (misec)
m" = mass burning rate of fuel (kg'm -sec)
P = liquid fuel dersiy (ka'm )

u= 0000042 mis ec

Burning Ourstion Calcd &ion
t.= D v

[t-= 1427.85 sec 23,20 mirndtes um

N thata Ikl pool The with a gle s amoatotte [can bar for beg pe rbos of tne cuersmallagaoror
Shortperbok of tne Guera lEg aka.

ESTIMATING POOL FIRE FLAME HEIGHT
METHOD OF HESKESTAD

Fekec: | SFPEHadbhoow o Fle Ao ecion Snglesriag , 2 Editbe, 1925, Pagg Z-10.

H=02350 -1020
W here H, = poalfire flame height {m)

0= poal fire heat rele ase rate onm
[ = poaol fire diameter (m)

Fod Fire Flame Height Calculation
H=02360 -1.020

H.= 270 m 554 f
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METHOD OF THOMAS

Hi=d2 0 in™>pou d) O
Wie B H = pool e fame ke bbt
m” = mass barnlve rae of melpe rotten riac area kom -iec
po=ambbatalrders by kgdn
O =pooIthe diameter i
o= ciran etona laccs B Eton dhgech

Fool Are Aame Heloht Cal culation
Ho=dZDin™p ud) O

|lH.= 231 m e T | m

Flame Helaht Caleulaton - Bummary e Re iulty

Cale ulatlon Method Aame Helght it
HESKES TAD 8.64
JFTHOMAS ]
ESTIMATING POOL FIRE RESULTS FOR RANOORSIZE SPILLS USING INPUT PARAMETERS
Area (1) Area (m”) Clameter im § R t s H, ittiiHe s ks stad ) H ittiiThomas)

1 0.03 0.34 148,52 BIET.OT 4.54 4.08
2 0.13 0.43 296,64 4283 .54 389 319
3 0.28 0.60 444,56 283563 683 .97
4 0.7 .63 39318 nagT T.E1 E.ED
3 [ w.rr T41.E0 71341 8.7 T3
[ 056 084 889.91 1427 .83 §.84 T.E0
r 0.63 031 1056.23 1223 .67 3.36 §.02
8 0.r4 0.7 1186 .55 1070 88 583 .40
] .84 1.03 135487 351.50 1026 8.75
10 0.33 1.03 1483.13 83671 1067 .07
11 1.02 1.14 1831.51 TTH.82 11.03 3.38
12 1.1 1.13 177583 71352 11.40 86T
13 1.21 1.24 192815 3301 1.74 5.54
14 1.30 1.23 207647 611,53 12.06 10.20
13 1.33 1.33 222473 T4 12.37 1045
0 1.56 1.54 96638 42835 13.73 11.55
3 .32 1.7z 3Tor.a8 F41.88 14.53 12.45
30 4.63 .43 T413.53 171.34 13,10 1587
T [N 2.58 11123.53 114.23 12.06 16.28
10d 5.2% 3.44 14831.91 8367 4.43 20.20
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Caution: The purpose of this random spill sEe chartis to aid the user in evaluating the
hazard of random sized spills. Please note that the calculation doe not take into account
the wiscosity orvolatility of the liquid, orthe absorptivity of the surface. The results
denerated for smallvollme spills aver large areas should be used with extrerme caution.

The abhove calculstions are bazed on principles developed in the SFPE Handbook of Fire
Praotedion Engineering, 2nd Edition, 1993,

Calculations are based on certain assumptions and have inherent limitations. The results
of such calculations may o may not have reasonable predictive capahilities for a given
situation, and should only be interpreted by an informed user.

Although each calculation inthe spreadsheet has been verfied with the results of hand
calculation, there is no absolute guarantee ofthe accuracy of these caloulations.

Appy guestions, comments, concerns, and suggestions, or to repott an erroriz) in the
spreadshests, please send an emailto nxd@nrc.goy oF MXe3E@ N goy.
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Problem J-5

Problem Statement

Consider a compartment with cable trays at 4.60 m (15 ft) above the floor. The cable trays are very
close to the compartment walls. If 7.6 liters (2 gallons) of lube oil spills covering an area of 1.4 m®
(15 ft?), what location type of fire source will allow the fire flame to impinge on the cable trays?

Solution
Purpose:
(1) Determine what type of fire source will impinge upon the cable tray.
Assumptions:
(1) Air is entrained only from one side during the combustion process.
Spreadsheet (FDT®) Solution Procedure:
Use the following FDT*:

(a) 04_Flame_Height_Calculations.xls
select Wall_Flame _Height for wall fire analysis
select Corner_Flame _Height for corner fire analysis
select Wall Line_Flame _Height for line fire analysis

FDT® Input Parameters:
Enter the following parameters in all spreadsheets (values only):

- Fuel spill volume (V) = 2 gallons
- Fuel Spill Area or Dike Area (A,,,) = 15 ft°
- Select Fuel Type: select Lube Oil from the combo box

Note: When Lube Oil is selected, its properties are automatically selected from the
table and entered in the corresponding input cells.

Results
Fire Source Flame Height*
H, m (ft)
Wall Fire 4.02 (13.18)
Corner Fire 6.07 (19.93)
Line Fire 2.01 (6.59)

*spreadsheet calculations attached on next page
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Spreadsheet Calculations
FDT®: 04_Flame_Height_Calculations.xls (Wall_Flame _Height)

CHAPTER 4. ESTIMATING WALL FIRE FLAME HEIGHT

wWersion 18050

The Blw g caken athon s ectin ak the wallfe flame kit

Parameters In YELLOW CELL S ars Entersd by e User.

Param&ters In GEEEN CTELLS are Automatcally Selec®d rom the DRECOP D2WAWH MENU for the Fusl Selected.
Al sabzeque stortprtvales are caken ated by the spreadk ke etand basedon vales specimed lnthe Wpnt
parame®n . Thk speackhect b protecedand secnre D avok ermon die ©awmong @ ity b a ce i),

The chapri the HUREG shonklbe radetor ar avaksk B made .

INPUT PARAMETERS
Fre [5pillviome ) ] (i=] STH OOTEm
FrelZpll&reaor Dke Aea Bah 1500t 133

Mazs Barulig Rate of Frelan™) 003 ko 580
Etfectie Heatof Combastbn atFue | {&H. ) LG |k kg

Emprkalsontart kF 0.1 [m
—

Calculde
HERMAL FROF ERTIES FOR

EURNING FEATE DATA FOR LIGUID HYDREOCARBON FUELS

Eiv Mass Bamhg Rak Heatot Com bnston Emplrcal Covstant Select Fael Type
L m® ik g0 “3ec SH.. k) K KEim T E

Methanol 0017 20 000 100 Scrall to de sired Tusl ty pe then

Ethaial 0015 o6 B0 100 Qick on salscton

B ntane 007 LS T00 2.7

Benze ie 0083 0,10 2.7

Hexane o074 Lo 1.9

Heptane 0.101 L pon 1.1

ke 009 Lo g00 1.4

Boatoae oo 25500 1.9

Dkians o013 26 200 BN

DEty Ether 0033 G420 0.7

Benze e Q03 LT 3.6

Garollhe 0033 L3700 |

Ferore e 0030 L3200 3.5

Dkizel O0es [y il 2z

JP-4 0051 L3500 3.6

JrS 0054 L3000 1.6

Transtomer O, Hydrecabor (0038 16 000 0.7

361 Sleor Travstmer FRE 0005 28,100 100

Fue 120l Heawy 0033 39,700 T

ek Ol 0034 12500 2.8

Lake 2l (k=] 46 000 0.7

Uze rSpeclbd vahe Entervalie EviErvale Evirvalee

ReRren® | 55RS Anahood o Fe ParectionSnpinessme 3 Sahion, Aepe 300
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Heat Release Rate Calodation
Rewrace | S5FE Hambhook of S Sobaction Snglnesdng 37 Soblon I0E Sege 325,

O=m"aH «(1-a" A
Mibzre 0 = pod dre hed release e (W7
m"= mass buming rate of fel per unit surBce aea og'm -sec)
L H.. = effective hea of cormbustion of el (ko)
A= Py = surfacs area of pool file (@rea inwolved inovaporzation) (i
ki = empirical corstant (m
O= dameter of pod 42 (dianaer inuohied o waporzation, ciubr poal is assumed1(m)
[ Liquid= with relatiwehy high flash paint, lilke trarsomer
oil require localized beating to achiewe ignition)
Foodl Are Diamneter Calculation
P = w8
[T R ]
Mihere A= surface grea ofpoal ire (m)
O= poal fre digmter (m)
0= 1332 m

Heat Release Rate Caledion
Q=m"aH (e ) A

1= 118 02 bns 1436 31 Hutsec
Heat Release Rate Per Unit Lengthof Are Cal culation
=0

Mihzre I = heat redease rate perunit kngth ()
0 = fre heat mlease rate ofthe fir gonn

L= lengh ofthe fre source §m))

Fre Source Length Calcddion

L= A,

L = 1394 m

L= 1480 m
=0l

o= 128428 iwm

ESTIMATING WALL FIRE FLAME HEIGHT
Rt ence | NER S Swotection Henciook, 0 Scition 2008, Sape 3134

Howo = 0034 Of
ihere Hewiri= wall fire 1arme heighit (m)

¥ = rate of heat rdease perunt length ofthe dne Oidm’
Howo = 0034

A= 402 m 1313 &

The abowe calcalations are based on pinciples dewlopad inthe SFPE Handbook of Fire
Protection Engineerng, 3 Blition, 2002, and NFPA Fine Protection Handbook, 19 Bdition, 200G,
Caloulations are based on cer@in assumptions and hawe inherent imitatiors. The results of

=uch caleulaions mayor maynot hawe reasorable predictive capabiliies for a given stuaion, and
zhould onlybe interprated byan informed user.

Aithough each calculation inthe spreadshea has been weried with the esutsof hand cakulation,
there is no ab=olute quarantee ofthe accuacy ofthese caloulations .

Aoy questions , comments, concams, and suggestions, orto report an emon’s)in the spreadshest,
plegse s=nd an emal to nod (Enm gowor s [Enrc.go.,
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FDT®: 04_Flame_Height_Calculations.xls (Corner_Flame _Height)

CHAPTER 4. ESTIMATING CORMNER FIRE FLAME HEIGHT

“ersion 1805.0

The Bl g caker lation s e st ate te comer e flam e ke kbt

Param aters In YELLOWIZEL LS are Entered by the User.

Parameters In GREEN CELLS are automatically Selected Tom e DROP D2OWH MENU for s Fusl Sale ¢ ted.
Alsabzeque ptontprtualme: ag caken bted by the spreadsbeetavd bazed on vales speced o the hprt
parame®n . Thk speack ket b prokced and secue toaok eron die o awong ety I a cz k).

The chape iy e NUREG ¢ ionkl be read ke 1o an anaksk B made.

INPUT PARAMETERS
Frel SpllivoRme &) 200 |galkes OUITE M
Frelspllamaor Dke &ea B 15 00|t 1394 M
Mazs Bam g Rak of Fae ™) 0.039 ko e e
Etkctlie HeatofCom bastion of FreliaH . AG000 [k kg
Emplrizal Constant & o7 |m

Caculste
THERMAL FROFPERTIES FOR

BURNING FATE DATA FOR LKZUID HYDREOZARBON FUELS

& Mazs Buralng Rate He it ot Com b g o EmprialCorstnt | Select Fuel Typs
= " Eogm e LH.. kKD EEim ' | Lue o =

Methanal 0017 20,000 100 Scrall to de sirsd usl fy pe then

Etsanal oois o B00 100 Qick on selaclon

Entane aoTs (5] 1

Berzene 0083 0,100 2.7

Heiaue oot roo 19

He ptane 0.101 HE00 1.1

EAT R 009 0 z00 1.4

Acetone a0 =3.500 158

Diox ane 0013 26 200 5.4

Dkthy Ether 0083 31200 or

Berzene (CNFRs Wyoo 35

G o lle 0053 Broo z.1

Femdene 0039 3200 3.3

Dksel 00is oo =1

JP-L o051 3,500 36

JP -3 (Exl=y 8 3000 15

Travi®om eroll, Hydmocahonr 0039 6000 o

361 Slkow Trassomer Fiokl (30035 5,100 100

Fuel O, Heavy 0033 Fa 700 17

e Ol ao3d 2500 ]

Labe Gl 0039 15 000 o

Uge 1 5p=chied vahe Euter Walie SIINELD Eiter'vane

R IE W+ GEF B ooy O P ie Fraedion BT Benis 3 Eatin Fags 308,
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Hea Release Rate Calculzion
Reters ice | SFPE Henchook of Fie Progcton Snghiesrhyg, 37 Sdfos, 2002 Page 325,

0= mAHeen(d- & & 1A
Where 0 = poal fire heat release rate (kN7
m"= mass burning rate of fuel par unit surface area(kg.l’m:-secj
AH ;o= effective heat of combustion of fuel Ckdikg)
A= Puke = surface area of pool fire (area inrobred in uapnrizaﬁnnj(m_.j

kf = empirical cnnstantfm-lj
[ = diameter of pool fire (diameter involwed in v aparization, circular pool & assumed) (m)
[ Liquids with relatively high flazh point, lke trans former
ail require localzed heating to achieve ignition]
Fool Fire Diama er Caoulation
fuge = 0 I
[ = widhfure ™
Wiheare Pupe = surface area u:lfpu:u:ulfire(m:J
[ = poal fire diamter (m)
b= 1332 m
Hest Relesse Rate Caloulation
o= m"ﬂH.:,.mﬂ-Eﬂ' D) Fuike
= 151602 ki 14:36.91 Biuls ec

ESTIMATING CORNER. FIRE FLAME HEIGHT
Betere pee ;. Hesamland Tohusage, Mdoakiing of Ty
Growdh," Prioceading o the 217 Na fonal Hea f Tiansm
Himmen= 007507
Where L = heatrelease rate of the fire (o)
Htemen= 0,075 Q"

([H to0rmen = EOT m 19.93 ft ||m

The abowve calculations are based on principles developed in the 5F PE Handbook of Fire
Frotection Engineering, e Edition, 2002 and Hesemi and Tokunage, 1933,

C alzulations are based on certain assumptions and have inherent limitations. The results of

such caleulations may ar may not have reasanable predictive capabilties for a given situation,

and shauld anby be interpreted by an informed user.

Although each calculation in the spreadsheet has been verified with the results of hand calculation,
there is no absolute guarantee ofthe accuracy of these calculations.

Any questions, comments, concerns, and suggestions, or to report an erron’s) in the spreadsheet,
please=send an email to nxil@nrc.gow or mes3@nre. gow.
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FDT®: 04_Flame_Height_Calculations.xls (Wall_Line_Flame _Height)

CHAPTER 4. ESTIMATING LINE FIRE FLAME HEIGHT AGAINST THE WALL
Version 180 5.0

The following calculations e stimate the line fire flame height 3g ainst the wall.

ParametersinYELLOW CELLS are Erntered byrthe User.

Pararmetersin GREEMN CELLS are Autornatically Selected from the DROP DOwWHN MENUfor the Fuel Selected.
Al subsequernt output walues are calculated bythe spreadshest and based onvalues spacified inthe input
parameters. This spreadshest iz protected and secure to awid emors due to 3 wrong entryin a cellis).

The chapterin the NUREG should be read before an analysis is made.

INFUT PARAMETERS

Fuel Spill “alume W) 200]galbas 0O0TE M
Fuel Spill Area or Dike Area (A 1500(tt 134
Mias= Buming Rate of Fuel (m™) 0039 kgim "5 ec
Effective Heat of Combustion of Fuel (& H_ 7 AG000 |k ka
Empircal Con=@ant (kF) 0.7 [m

[Cale uate]

THERMAL FROFERTIES FOR
EURNING RATE DATA FOR LIGUID HY DROCAREOQMN FUELS

Empinical
Fuel hias= Buming Fate Heat of Combustion Constant Sdect Fud Type
m" (kgdm -sec] LH.. (k) kE im0 Lubs CHl B
fulethanal o017 20 ooo 100 Scroll to desired fuel type then
Ethan ol 0015 26 200 100 Click on selection
Hurtan e 0078 45 700 2y
Henzene 0 085 40,100 ki
Hexane 0 074 44 700 14
Heptane 0.101 44 GO0 1.1
Wene 004 40 200 14
one 0 041 5 800 14
Dlioxane 0018 26 200 a4
Dliethy Bther 0 035 34 200 or
Henzene [N A4 700 35
Gazoline 0 055 43 700 21
kerosens 0 039 43 200 35
Dizzel 0 045 44 400 21
- 0 051 43 A00 3
P-5 0 054 42 000 16
ran sformer Qil, Hydrocarbon |0 03239 45 O0o o7
61 Silicon Transformer Fluid |0 005 28,100 100
Fuel 0il, Heawy 0 035 39 700 17
Crude 0il 0 034 <4z GO0 28
Lube Oil 0 039 46 000 oy
Uszer Speciied "Walue Eriter ‘Walue Enter ‘value Eriter “Yalue

Rewre pyee  SEEE Hevch ook of She Srotaction Soplnsening 3 Soblan Pape 300
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Heat Felease Rate Calculation
PeRrerce 15FFE Sarmibooh o A Frotedion Snpneedng 3 Sdltion, 2002, Fage 325,

Qo=mTEH (1 -8 A
Where Compoolfle beatekare @ KW
m"=mai: bareleg @ offelperonts afacs ara kidn <o)
&H o= etk ctie heator comboastion orteel ik g
Bym B =g arace ara of pool e Grea vobed b vaporEation &'
KB = em pirkalcosstant i
O =dbEme®rotpoaltie dbhmetrwoked b vaporzaton, clevar ool kb assvmed )
cLiukls with re latbe by bEb TR polt, ke ranstomer

oll regu e boalzed beathg © ackeve K fon
Pool Are Dlamater Caleulaton

By =D

D=uidd,. /i

Wher A= sWTace areaotpoolie '
D = paa I dhme 1

D= 1.332 m

Heat Releass Rate Calculatlon

O o=mTEH e T

0= 151602 ki 1436.91 Bmgec
Heat Releass Fats Par Unit Lanath of Flre Caleulation

o=

Whemr 0= jeat e kaie Ak |Jer||th|g11 i

G=Tle beatrekae ok ot te fre 0
L= knoth of the e sonm )

Are Sour:s Length Caleulaton

Lx W= &,

L W= 1394 m
L= L180 m

@ =aa

Q- 126423 KW/

ESTIMATIMG LINE WaALL FIRE FLARME HEIGHT
PeRnerce (NSRS Fre Srdedionsmioot, 0 Saton D03 Sage 1R

Hi o =0.017 0
Where Hiiws =wallfre fame ke Kbt 4o
@' = rak of heat g kaze perantk sath otte A & Wins
[ [ =007
[Het = 2i1m 5.5 1t

The aboue cakrlations are based on prive[pks deve kped b the SFPE Hanchaok of Flg
Prokcton Exalieerio, 3 Edbion, 2002, and NFPA FIe P okctbs Hawdbaok, 197 B fion, 2003
cabnations ae bazed ovcerl arsvmptbons andd bave nhere ot m Batoes. The ik of

snch cakrlations may orm ay nothave gasonabk prdictve capas ks ®oragie s staation, and
shovklonlybe NRPREDD a0 Wfbmed 1

Athongh each caknlatbn v the spreadchectbar leenvered whh the ronle ot band cabalation,
ter koaoatsol e graranes of e acon@oy of tiese cakn latons,

Avyouestbns, conment, concRrng, and snge stons, oro wpotan erong b the spraliheet,
pkaze seud ar emallo sxBDr egov ormas3de rcgon.
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Problem J-6

Problem Statement
Consider a compartment thatis 15.2 m wide x 12.20 m long x 3.70 m height (50 ft wide x 40 ft long
x 12 ft height) with two forced ventilation rates: 2.4 m®/s and 2.8 m®s (5,000 cfm and 6,000 cfm).
If a fire scenario arises with a fire power of 1,500 kW (1,422 Btu/sec), find the average hot gas layer
temperature for gypsum board (boundary material) that is 'z, %, %, 1, 1%2, and 2 inch(es) thick at
15 min after ignition.

k Wi = 40 1t i

m= 5000 cfmq—
m= 6000 cfm =

& =1500 kW .

Problem 6: Compartment Fire with Forced Ventilation

Solution
Purpose:

(1) Determine the average hot gas layer temperature for two ventilation rates (5,000 cfm
and 6,000 cfm) at 15 minutes after ignition.

Assumptions:

(1) Air properties (ambient) are at 25 °C (77 °F).

(2) Neglect the effect of the cable trays on the plume profile.

(3) The heat flow through the compartment boundaries is one-dimensional.
(4) The HRR is constant.

(5) The fire is located at the center of the compartment or away from the walls.
(6) The compartment is open to the outside at the inlet (pressure = 1 atm).

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT®:
(@) 02.2_Temperature_FV.xls
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FDT® Input Parameters:
Enter the following parameters in both spreadsheets (values only):
- Compartment Width (w,) = 50 ft
- Compartment Length (I,) = 40 ft
- Compartment Height (h,) = 12 ft
- Interior Lining Thickness = 0.5 in
- Select Material: select Gypsum Board from the combo box

- Compartment ventilation rate (1111 = 5,000 ¢fm and 6,000 c¢fm
- Fire Heat Release Rate ((J| = 1,500 kW

Note: When Gypsum Board is selected, its thermal properties are automatically
selected from the table and entered in the corresponding input cells.

Results
This problem is solved using the two different ventilation rates and varying wall thicknesses
at 15 minutes after ignition. The following table summarizes the results.

Ventilation rate Trial Material Thickness (in) Hot Gas Layer Temperature T, [°C (°F)]
111 (cfm) Method of FPA Method of Deal & Beyler
5,000 1 0.5 225 (436) 274 (525)

2 0.63 241 (467) 274 (525)

3 0.75 256 (492) 274 (525)

4 1.0 220 (429) 274 (525)

5 1.5 220 (429) 274 (525)

6 2.0 220 (429) 274 (525)
6,000 1 0.5 212 (413) 253 (487)

2 0.63 228 (442) 253 (487)

3 0.75 241 (466) 253 (487)

4 1.0 208 (407) 253 (487)

5 15 208 (407) 253 (487)

6 2.0 208 (407) 253 (487)

*spreadsheet calculations attached on next page

Following the results of the FPA and Deal & Beyler method, we see how the two methods respond
to different inputs. This problem can be rerun varying time to explore the differences in methods.
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Spreadsheet Calculations

Note: The following spreadsheets show the final result of the solution process. Only the 6,000 cfm
case is shown; spreadsheet calculations for the 5,000 cfm scenario are similar.

FDT®: 02.2_Temperature_FV.xls

CHAPTER 2. PREDICTING HOT GAS LAYER TEMPERATURE IN A ROOM
FIRE WITH FORCED VENTILATION
COMPARTMENT WITH THEREMALLY THICK/THIN BOUNDARIES

Version 18 05.0

The following calculations estimate the hot gas layvertemperature and smoke layer height in e nclosure fre.

FPararmeters im YELLOW CELLS are Entered by the User.

Pararneters im GREEN CELLS are Automatically Selected from the DROP DOWH MENUfor the Material Selected.
Al zubsequent output value = are calculated bythe spreadsheet and based on value = specified inthe input

parameters. This spreadsheet is protected and secure to awoid emors due to 3 wrong entry in 3 i),

The chapter in the MUREG should be read before an analysis iz made.

INPUT PARAMETERS
COMPARTMENT INFORMATION
Compartment Width (o ) A000(m 1524 m
Compartment Length (1) 4000|w 1215 m
Compartment Height th 1200|n 3EG m
Interior Lining Thickness (6] || OOEl m
AMEIENT COMDITIONS
Ambient Ar Temperature (T, 'F 2500
ZE00 |
Spedific Heat of Air (c ) 100k keH
Ambiert Ar Density (e, 1.1gkam
THERMAL PROPERTIES OF COMPA RTMEMT EMCLOSING SURFACES
Interior Lining Thermal Inertia (kpc’) O 8| nan -Ky - c
Interior Lining Thermal Conductivity (k71 0.0001 7 fkinvim -4
Interior Lining Specific Heat (o) 1. ke
Interior Lining Density (F 96 0 |kepin
Mate: Ar density will automatically comect with Ambient Ar Temperature (T Input
THERMAL PROPERTIES FOR COMWVION INTERIOR LINING MATERIALS
f pc k o ) Select Materis
il KY -zee [danim- 1) kb K (kg fn 3 I Gy Board B
Auminum (pure) 500 0206 0595 2710 Serollto desired material than
Steel (0.8% Carbon) 197 0.054 0465 7250 Click on selection
Concrete 28 0.0016 n7s 2400
Brick 17 0.0008 [LE] 2600
Glaszz, Plate 16 0.00076 [LE] 2710
Brick/Concrete Block 12 0.00073 ngE4 1900
Gypsum Board 0.1a 0.00017 1.1 960
Plywiood 016 0.00012 x5 540
Fiber Insulation Board 016 000053 124 240
Chipboard 0.15 0.00015 125 200
Ferated Concrete 0.12 0.00026 nag 500
Plasterboard 0.12 0.00016 D4 950
Calzium Silicate Board 0098 0.00013 112 700
Aumina Silicate Block 0036 0.00014 1 260
Glas=s Fiber hsulation 00018 0.000037 [LE] G0
Espanded Polystwene 0001 000003 4 15 20
User Specified “alue Eriter value Eiter ‘JWaluea Eniter “Walue  [Enter "alue

Rete RNE D HIOE o . A, Piicies of Smoke Lenagament 2002 Page 270.
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COMPART MENT MASS WENTILATION FLOW RATE
Forced Wentilation Flow Rate {m) G000 00 f=tn 2RI m gec

S35t kakec

FIRE SPECIFICATIONS
Fire Heat Rele ase Rate (L) 180000 fkw

Calculate

METHOD OF FOOTE, PAGNI, AND ALVARES (FPA)

Fe® B b SFPEHgdhooh o Fle P Ecion Engliesring, 3 Ediba, 2002, Page 34177,

ATgTa = DEHD Mo Tl heAime )
Wi here ATy =Ty- Ta= upper layer ga temperature rge above ambient (K
Ta= ambient air temperatura (K]
L= heatreleaze rate of the fire (i
m= compartment mass we ntil ation flow rate (kg'sec)
oy = specific heat of air (kdMhg-K)
he = comvective heat transfer coefficient ﬂ('ull'.l'm_'-Kj
A= total area of the compartment enclosing s urface boundaries (m:J

Thermal Penaration Timg Calculation
= (P (8/2)
Wi heare { = thermal penetration ime (sec)
P = interior corstruction dens'rh.rﬂcg."mﬁ
o = interior construction heat capacity (e Jdog k)

k = interior corstruction thermal conductiviby Gontime 1)
8 = interior construction thickness (m)

t= 2281 B zac

Hea Transfer Coefficient Calculation
b = wikpoty fort<t ar (higy fort=4
Wit here ty = heattransfer coefficient (irym™- )
kpe = interior construction thermal inertia (k'l.l'l.l'.i'm:-Kj:-s e
(athermal property of material responsible for the rate aftemperature ris &)
t=time after ignition (sec)
Seetable below for resulE
Arem of Compat ment Bhdosing Suface Boundaries
A= 2iwex )+ 2 Chexwd) + 2 Chex 1)
W here A= total area of the compartment enclosing s urface boundaries (m:J
- = com p artment width (m)
l.= compartment length {m}
he= compartment height (m)
Ay = area of wentilation opening (m:J
A= 52 ZmEm

Compartmert Hot Gas Layer Temperstune With Forced YWertilation
ATgfTa= DEHD mep el (heAmme)

-I':l-Tg = Tg- Ta

Ty = AT+ Ta
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Tirne &fter Qnition (1] h, AT T, AT, T. T. T.
(min [sec) o dn - K (k3 (k] [ il
il a - - - 298.00 2500 Faral]
1 &0 0.035 0:s 112 43 410.48 137 .48 278,45
2 120 n.04 043 127 42 42542 152.42 30636
3 150 0.03 0 A5 137 07 425.07 162.07 32373
4 240 0.03 043 144 36 442 36 169.36 336.54
5 300 0.0z 0.0 150 27 448 27 175.27 24749
10 00 0.0z 057 17024 45824 185.24 383.44
135 500 0.01 081 18513 48113 20813 A0E .64
20 1200 0.01 0 ES 192 86 449086 217 .86 42416
25 1500 0.01 0 &7 20077 498 77 22577 d35.38
an 1500 0.01 0.yo 207 A7 S05.47 23247 450,44
] 2100 0.0 n.rz2 213 30 51130 238.30 60,95
40 2400 0.00 [EE] 207 4 575 0.4 A7E.34
45 2700 0.00 0433 277 4 575 302.41 57634
a0 3000 0.00 0433 277 375 30241 a7E.34
35 3300 0.00 043 277 A 3754 30241 57634
[:1] FE00 0.00 043 277 A 5754 02 .41 A7E.34
Hot Gas Layer Temperature
Foaorced Wentilation - FPA hdethod
F00

~ GO0 = ¥

5

= s00 - m —

E 200 F—

h ﬂ_

o 300

(=9

E 200

~m

I:I 1 1 1
10 20 e 1 a0 G0
Time {min)
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METHOD OF DEAL AND BEYLER

Re Rrerye  SFFE Hrohook of Fie Fraedion Sieesy 3 Blllay, D02, Page 3178,

Heat Trane fer Costelant Caleulation
b= Gludkps 't drt=t
Whe b= heat mansk rooe wEk it d i -1

Fpc= Inte rlor co st ction the moal e ria £ -1 e
@the malpppe iy otmak dal Rspoas bk Brike rate of Bmpe@ae rke
O=thkkuess of BB g dn

b= 0022 EWin -}

frea ot Comparin ent Encloeing Surtacs Boundarias
Ap= pedi i W e} IR I el B
A= srazg m

Compartm ent HotGas Layer Tem peraturs W Forcs d wentlla ion

AT = Qo dim oo +h B

Whe AT =T -T.=pperbyergas EmpE= @t e rke above ambeto
T.=ambk rtalr mp= ratre 4o
G = heat g kaie @k oTthe e KW
m = comparmentmass ve ntihtor Tbw rate kgsec
co=speckic ieatotalr & J4g-1
b= convectbe heatt@es rooe Mk ot £Win -1
A =talara oTthe compartme vte icoIbg s0tace bondarks

Tim & &Tter lgnition (1) I AT, T, T, T,

in i Fe Em -k i I flas) "Fi
0 0 . - 238.00 25.00 Fr.oon
1 [ 0.02 34,38 FEFEL 113,38 146,83
2 120 0.02 122.75 420.75 147.75 297.95
3 180 0.1 141.60 43560 16 6. 60 331.88
4 240 0.01 15387 453,87 16087 35757
3 300 0.01 167 .38 465,38 132,38 378.29
10 &0 0.1 104.34 0254 213.94 445,83
13 00 0.1 2127 .58 32338 252.56

20 1200 0.00 243.53 34153 268,53

13 1500 0.00 155,83 35383 280,83

30 1800 0.00 265.80 6580 290.80

i3 2100 0.00 174.04 sraod 259.04 ST0.2T
40 2400 0.00 281.07 STa.07 30E.07 382,93
43 aron 0.00 18717 AT J12.17 395,91
30 0o 0.00 131.54 3054 31754 605,58
35 3300 0.0 2197.33 395,33 322.33 G112 15
(1 3600 0.00 301.63 33963 326.63 £13.53

Hat Gas Layer Ternperature
Farced Yentilation - Deal and Beyer hizthod
oo
GO0
_-.-'_'_—H-_
E A00

E - __,.-f“-’-—'-_
o 300
EEDD {
i

100

Tirme (min)
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Surnrnary of Re st

Hat Gas Layer Temperature
Forczd “entilation

-
=
=

s | P A M el
=l Dl aed B2yler Me hod

h (=]
= =
= =
x
4
4

E\
|

(o]
=
=

Temperature (°F)

[
=
=

=
=
=

1] 10 0 1] 40 a0 1]
Time (min]

The abowe caleulations are based on pinciples deweloped inthe 5FPE Handbook of Fire Protection
Engireering, 3 Edition, 2002,

Cacubtions are bazed on certan assumptions ard hawe irherent limiatons. The resalts of such
cakulions may or may not hawe reasonable predictive capabilties for a given stuaion, and should
onlybe interpreted by an nfommed user,

Athough each calcudation in the spreadshea has been verified with the results ofhand cadcuation,
there is o absalute qguarantes ofthe accuacyofthese calouldions .

Fryquestions, comments, concems, and suggestions, orta report an emes) in the spreadshest,
pleaze send an emal to niEnnc.goy or mxs3Ennc.go.
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Problem J-7

Problem Statement

Consider a compartment with an open vent that allows the air entrance at 3.60 m/s (700 ft/min).
Assume that heptane from a tank spills on the concrete floor forming a 1.86 m? (20 ft°) pool. The
edge to edge distance from the pool fire to a certain targetis about 9.0 m (30 ft). The targetis 3 m
(10 ft) above ground. Calculate the flame radiative heat flux at ground level using the solid flame
model.

Solution

Purpose:

(1) Calculate the radiant heat flux from the pool fire to the target using the solid flame
radiation model and considering the effect of the wind.

Assumptions:

(1) The pool is circular or nearly circular.
(2) The correlation for solid flame radiation model is suitable for heptane.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT*:
(a) 05.2_Heat_Flux_Calculations_Wind.xls (select Solid Flame 2)
FDT® Input Parameters:
Enter the following parameters in the spreadsheet (values only):

- Fuel Spill Area or Dike Area (A,,.) = 20 ft°

- Distance between Fire and Target (L) = 30 ft

- Vertical Distance of Target from Ground Level (H, = H,,) = 10 ft
- Wind Speed or Velocity (u,) = 700 ft/min

- Select Fuel Type: select Heptane from the combo box

Note: When Heptane is selected, its thermal properties are automatically selected
from the table and entered in the corresponding input cells.

Results

Radiation Model Radiant Heat Flux*
{'lrr
kW/m? (Btu/ft’-sec)

Solid Flame 4.06 (0.36)
*spreadsheet calculations attached on next page
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Spreadsheet Calculations
FDT?®: 05.2_Heat_Flux_Calculations_Wind.xls (Solid Flame 2)

CHAPTER 5 ESTIMATING RADMANT HEAT FLUX FROM FIRE TO A TARGET
FUEL ABOVE GROUND LEVEL IN PRESENCE OF WND (TILTED FLAME)

SOLID FLAME RADIATION MODEL

“ersion 12050

The Tollowhg caken latbes ectin ate the radiatie ke atfhn fom aEolie ©atagette b e peaerce atwid.

The prpose otthk cakalation ktoestinak the radiation fravsm Bed from abam g telarray © a tage t

e lpos Kkned some dEtace tom e The abowe groned kuel ©detem e Mecondary Kykkas ar kel I prese vce otwind,
Param eteérs In vYEL LW CEL LS are Entered by the User.

Parametérs In G REEN CELLS ars Autom afdeally Ssleced fom the DROP DIOWH MEN U for 11s Fusl Selsctsd.
Allsntgequentoriprivales ar caknaed by e speadiies tavd bazed o vakes spechied I the hprt

parame® . Thk spreadkiect b prokced and secue o @okl e mom dee Dawong e nty I ace ).

The chapter b the NUREG shont be resdbetr an avakik b made.

INPUT PARAMETERS

Mais Barelig Fak oT Fuelan ™ 0.101 [Fim-pec
Effectiie HeatotCombastor ofFee li2H. 5 LG (kg
Emprkalsonstrtkf 1.1 [m
Frel&reaor Dke Area (8.0 20.00 ™
DEtarce betyveen FIe and Tagetil) J0.00|M
wertbal DEtrce of Targetrom Grond LeveldH- = H, s 10,00 |

Wl S el or Ve K by (0 700 [vmin
AmbEstAlrTempe mtre T5 7. F

G ra et al Aotk rathon @) SE1 minec
AmbEeta i De vty ip o 1.18 kg

Caloulste |

Hok o AF ck ez iy will avtom atkally correctwih 2m bk stAlr Temperat e (To lpat
THERMAL FPROFPERTIES DI TA

EURNING FRATE DATA FOR FUELS

ReRrence: SFFE Aavminooh O Fie Foechion Spneeing, 3 Blilon, 302 Sage X230
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Emizal
Fuel Mazz Burvlig Rak |Heator Com bestboa [Covsant Select Fuel Type
m” o -5e LH. o K KEtm I Hepb e j
Methanol 007 20 300 100 Scroll to desired fusl fyps then
Etvanal 0015 26 B0 100 Click an selection
BEatane 0078 5100 2.7
Benze e 0033 10,100 2.1
Heiane 0ot (Y ] 159
Heptaue 0.101 g 1.1
RN 1 13 009 0 800 1.4
A oot 25 800 158
Dixcane 0018 26200 5.4
DEty Ether 0033 34200 0.7
Benzine 00k (Y] 36
Garollie 0053 L3700 z.
Fengle 003 3200 3.3
Dkl 003 [y L] Z.1
JP-1 0051 13 500 35
JPS 00354 13,000 15
Tranitome 1o 0, Hydpcambor (0039 6 000 0.7
361 Sllkeon Transtome rFNE (0003 28,100 100
Fue 1001, He awy 0033 39,700 1.7
crck 2l 00333 2 600 ]
Lake O 0.0z 16 000 0.7
Donglas Fr Phwoosl 001052 1090 100
UzerSpecFid Vang Enter vahe Enter valee Evervahg

jasm
D44 m
3048 m
33 minc
500 "G
ZEE00 F



ESTIMATING R&

ATIEHEAT FLUX T2 ATARGET FUEL IN PRES ENCE OFWIND

S0UDFLAME RAMATION MODEL IH FREZENCEQF WIHD

"= B
Wihwre

" = Ieddenl radbake Feal b on be el
E= embshie power of e pod e dame A0
Fo. o=ukwiach be ween brge | asl Be dame Inpresene ofwWrd

Foal A Dameser Caloulaton

Ao.o=aDls

Wb

Fool Ame Fad b e Caloulaton

I=
I=

A =R area ofpocl We dn
D = sl W dlan ki
1.4 m

Diz

Rame BEmlcd v Fowsr Calouladon

E= 22010

-

E= emirshie power of b pod e dame A
0= dame lerof e pool we O
833 EWm

Wi Faoor Caoulaton In Ae canos ofiWdnd

a +ib+ 1y -Za b+ Tre
a +ih+1 -Za b+ Tire
a

#ii-10 -2a - Lirrs
a +ib -1 -3 b- LI
I+ib - HCo @
ZH r= ZHT
ZHr= Z{H,- H
Rir

F = ol verkcd vew tackr inpreseree o wirs

Fo= dpbaree Tom cepiber of e pool dre ko edge of e large lm
H, = Fedinl ol pood e dane il

e pood Tre radhe (n

&= damne Nl or agk ot dedec boninadan
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Distanc=from Center of the Pool Fireto Edge of the Targe Calcdaion

R=l+r1= 991 m

fhere R = distance from center of the poolfire to edge of the target (m)
L= Distance between Fire and Target
1= pool fire radius {m)

Hed Ree=mse Rae Caculaion
Q=maH. . (1- e 1A,

i here 0 = poolfire heat rale ase rate GO

m" = mass burning rate of fuel per unit suface area (kg'm -sec)
AH. = effective heat of combustion of fuel (kg

A =surface ared of pool fire (area imralwved in waporization) (m )

kF = empirical corstant (m 7

[ = diameter of poal fire (diameter involved inwaporzation, circular poalis assumed) (m)
Q= B32E.32 K

Fioal Fire Flame Height Cdcaldion
Hi=85 0 im™pe, wig D) (0™
i hara Hi = flem height (m)
m" = mass burning rate of fuel{kg/m -zed
[ = poal fire diameter (m)
Fo = ambient air dersiby (ig'm )
g = gravitational acceler ation {mfzec
u”™ = pondimers ional wind welocity

MNondi reersiona wind welocity Caoulaion
U= g m' DYR)
Mfhere U™ = pondimers ional wind welo ity
U = wind welocity [ mfzec)
g = gravitational acceler ation (mfz ec )
m" = mass burning rate of fuelikg/m -zed
[ = poal fire diameter (m)
P = ambient air ders iy ig'm
u® = ug m' DYR)

u" 3ZT0

85 D (mie feg 0O (07D

H
H 51 m
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Ram ¢ TItorangle of Dedeodon Caloulaton

COTE = L=V |
(ST BTN ] L=
e e |
COSINMrF 0SS 09858 Rl D542 degres
0.986 Rl D54 degre
O Rl D00 degree
A oma b+ -2a b+ 1EIre - TI.E0
Foma +ib+1y -Za b+ Tislré = ar.m1
Buwa“+ib-17-2a ib- iifm 4718
B.ma +ib- 17 -23 (KR - B3.88
Cmitih - DCOIE = a1E1
A= H r=2H o= r.e3
aom ZH e ZiH -H iirm 638
b=FRi= iz.as
F 004308
F 002383 osEeT 10z2 o=
F = F + F - 0.arzod
0.3 1oz [l
Fadlatw Heat Au s Caloulaton In Pre cenos of Wind
1= EF
|.q" = 4.08 Kim -~ 0.38 Bt oo |m

HOTE

Tre above caladalon: ae bamed onprivciple s developed n b ZFPE Hardbook of Fire Frokclon

Erereenrg, 3 Bl lom 2002,
Caloulalons ae bamd oncerbalmarsomp korg ard bave nbererd Imlalon:.

Tre rend s ot such

calculalas may of may rol have reasonable predicize capabll ks %or agluen slalon, am shoud

only be Inkmpre kd by an mormed Leer.

Alrough eadh cakoulalon n e spreadslee | has beenvedied wih Fe sl of hard caladakon,

rere 15 no absoklk guaranke of be acuracy of Pese calalakons.

Ang queslons, commenls  concems, and suggeslons, of lreporlan emons in be preadseel,

peare serd an emal ko rekBrrcgor of ma s megoy.
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Problem J-8

Problem Statement

Consider a compartment that has been insulated with 1.27 cm (%2 in) of gypsum board, wallboard
(S142M). If a pool fire scenario arises with a heat flux of 75 kW/m?, what will be the ignition time of
the gypsum board?

Solution
Purpose:
(1) Calculate the ignition time of Gypsum Board, Wallboard (S142M) for the given
conditions.
Assumptions:
(1) The material is infinitely thick.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT®:
(a) 06_Ignition_Time_Calculations.xls (select Ignition_Time _Calculationst)

FDT® Input Parameters:
Enter the following parameters in the spreadsheet (values only):
-Exposure or External Radiative Heat Flux to Target Fuel{fl: } = 75 kW/m?
-Select Material: select Gypsum Board, Wallboard (S142M) from the combo box

Note: When Gypsum Board, Wallboard (S142M) is selected, its thermal properties
are automatically selected from the table and entered in the corresponding input cells.

Results
Calculation Method Ignition Time*
tiy (min)
Mikkola and Wichmann 0.34 min
Quintiere and Harkleroad 0.20 min
Janssens 0.86 min

*spreadsheet calculations attached on next page
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Spreadsheet Calculations
FDT®: 06_lIgnition_Time_Calculations.xls (Ignition_Time _Calculations1)

CHAFTER &, ESTIMATING THE IGHITION TIME OF ATARGET FUEL EXPOSEDTO A
COMSTANT RADIATINME HEAT FLUX

Werslon 18050

Tree Flowirg cakulalons €3 inak Ime b igr kon o dame pread of sold Rek expostd boa oo knl

exkema rallalve realiu.

Farama&ders In ¥ ELLCW CELL S are Biemd by His U,

Faramsdere In SREEN CH LS ars auomatioally 2aleoied Tom tHis DROF D0WH MERU ®rtis Matalal Sslsoded.
Al aqLenl oupul values ae calasakd by Be spreadbeel v bared onsalues mechied Inbe gl pa e k.
Thir spressdiee b prokekd sl oo bavdd aroes dee ks worg aniy In scelis,

The i i e HUREG should B resd bevre an analysls I male.

INFUT FARAMETERS

MATER &L FLAME 5PRELD PROFERTIES

Select Material

ymeam o Yz

seroll o desdred n
il on caleodon

Maknal g bon Temperakre (T FY=les)
Makia Tremnal rerba dhpd [<F=nl i
Makial Crilcal Heal Fiue %o grilondg” " ]
Flamne Spread Parame krb oor
Eipogure of Eckrral Radakie Heal Flve i” 5 TE 0|
Ambknl Hr Temperakre (T 7 00|
Heal Thas #r Corfidend al grikendy o OETs|

FLAME SFREAD PROPERTIES OF COMMON MATERIALS

. Bprikon Temperakre T [Tema rerlakpc il bal Heal P tor brdbon [Flame Spread Parame kr b
faakenals ey [ T T 0" Wi 3]
PRIRA Polycar | 0122 mm) -] 0.73 El 004
Hardb cand & 25 mm =B 127 [x] 0.0z

ampe iAol ) 042 {[x] [fx:d
Flber roualon Boand = 0. 43 1+ o.o7
Hardb cad (3,17 Sminnd 5 [E=) 1+ oos
PRI Type G0 12T anj e 1oz 1= 00
Saphall Thirg ke e 0.7 1= 00
Douglar Fire Parkck Boad 01T cmo |32 (kT3 1% 00
Flywescad Pladn o 27 and 2 n] (=3 13 [farg
Flywoscad Plain (D835 ang 2 n] 0. 45 (13 [farg
Foamn Fledbe 2.54oms 2 n] 032 13 [afx)

RP{Z2Z4 mm} 2 n] 032 13 [afe.)
Hardb cand (Glors Fank 34 mims I ] 17 0 0s
Hardb cand Mikcoslukcss Painl HI 0.7 17 005
IS RP 114 mmi L) T2 17 005
Parkck Boadi 1T cmShodk) 2 053 1= 005
- ape | Nyl o] Blered s 42 0ES 12 005
Ioipaum Boand, Wallboad (T4 |42 057 £ 0.07
o ape | = Zolood Unkeaked) [x 2} 025 pi] 0.1
Foan PRI 254 amms +E 003 ] 0.32
FIbenglas s SHrgk HE 0.5 21 002
F ol royarrak S 0Som) [y [Fxk] 21 (a4
o arpe | 2 2dWool Trealked) = 024 = 0.12
[oarpe |5 1ldood, Tk EE R Z3 012
Saaml Parel Ecpaxy Flberlk =05 (=} = 013
joypaam Boand FRO12T o =0 0.4 = 0.1
Fobicart orele (.52 mms S5 (13 = 010
joopam Boand (Canmor (12T mm) |55 .45 3= o.11
Flywescad FR 12T and (== 07s ++ 0.1
Polys hrere S0Scm ] 0.3 3 o4
Uier Spechisl Vake Enkr viake Bl vake Erder Vake Enkr vake
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METHZ D OF MIKECLA ANDCWICHRAN
THEERMALLY THICKE MATERIALS

AR T - T T

Wi 1= makers grdlon B (e

kpc = malkeial Femal lrer ka ik
T. =makral g kon Emperakee |
T, = anblenlar kmperakee CC)

0" mexpopure of @xkmal radake beal
q° = makerial o lcal eal 1ok %o gl lon |

-k -pe

= bpe T = T T = T

lr B 20,64 wo .34 minu
METHZ DO F R UINTIERE AN HARELERC
THERMALLY THIZE MATERIALS
=i T
Were |= rmakena grillon ime (o
q° = makedal o lcal beal Ao ¥or el lon | ]
b = dame spreand parane ko
q," =expoure of exkemal radakes leal i
=-ii] Y
Ir = 11.76 o 0.20 minuty
METHODOFJANSS ENG
THERRMALLY THIZE MATERIALS
- SR s (Y g e
Wlere o= makial Brdlon ime (o
Fpo = makral Permal rer bk nm -k
I = e bR e ticknl al grilon
0" mexparure of exkma ralake e al n
07, = makia o el beal due %o gl lon Eaim
= OEER ks (Y g e
|r = F1.48 o 0.86 minuts
TRemlt

Calibhtion Me thiodl
WK KL & A H D WHEHREH

Tine T ko dn b s

LK
UIHTIERE SH D HARKL BRCIAD 0.
AHZZERS LK

Tre above calagslors o baed on pirdpe s deslgied in b SFF E Ergireedrg Gulide,

" Hkked rd boror Sold Bakidak Urder RBadian] Bopcdaure " Jarery 2002,

Caladalaw are bared on r An xamp kors 3 base nberenl Imlabons., Tre resulls of sud
calouakons may of may noleve rexoraile predolve capablile s tor a ghen iuakon, and should
orly b Irderpre Bd by anomed wer.

Aloughieadn calcuakon In e spreadsbee has beenveried wilh Pe el b othasd caladalon,
Fere b roabsduke guaranks of e Tarxy of Pese calalalas

Ay ques ko, commen s, corcems, ard sggeskons,of breporlan emon s in e spreadshee |,
pleare sere an emal o rolddnic gou O mxs Xprecgo.
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Problem J-9

Problem Statement

A 75.0-liter (20-gallon) trash bag exposure fire source is located 3.0 m (10.0 ft) beneath a horizontal
cable tray. Assume that the trash fire ignites an area of approximately 1.0 m? (11.0 ft?) of the cable
tray, and the cables in the tray are IEEE-383-qualified XPE/FRXPE cables. Compute the full-scale

HRR, IQﬁ I of the XPE/FRXPE cable insulation. The bench scale HRR 'Qu I of the XPE/FRXPE
is 475 kW/m?Z.

Solution
Purpose:
(1) Calculate the full-scale HRR of the XPE/FRXPE for the given scenario.

Assumptions:
(1) Lee’s correlation is valid for this fire scenario.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT*:
(a) 07_Cable_HRR_Calculations.xls

FDT® Input Parameters:
Enter the following parameters in the spreadsheet (values only):
-Exposure Cable Tray Burning Area (A;) = 11 ft?
-Select Cable Typel: select XPE/FRXPE from the combo box

Note: When XPE/FRXPE is selected, its thermal properties are automatically
selected from the table and entered in the corresponding input cells.
Results

Cable Insulation Full Scale
HRR Qfs
kW (Btu/sec)

XPE/FRXPE 218 (207)
*spreadsheet calculations attached on next page.
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Spreadsheet Calculations
FDT?®: 07_Cable_HRR_Calculations.xls

CHAPTER 7. ESTIMATING THE FULL-SCALE HEAT RELEASE RATE OF A

CAELE TRAY FIRE

wWersion 1805.0

The tollowh calen latbus estmate the ™ ikecak cabk tay beat ek ae @ae.

Parama®re In vEL LOWCELLS are BEnered by the User

Parama®rs In G REEN CTELL % ars Automatically Sslscted from e DROP OOOWH MENU for the Cabls Salected.
Allzabsequentonprtvaines ar cabnlakd by e spreadshes tand based on vales speced b the hpit

parame® s, Thk spreads etk prokected and seco g to av okl e mo dee D awnong ety b a cell@,

The chapter b the NUREG $hont be real betor an avals b Emale .

JNPUT PARAMETERS

Cabk Bench-Scak HRR @, e |k
Expozed Floor Area (Le wath x W ERE) of B arelig Cabke Tray (&) 11.00|"

Calculate

HEAT RELEASE RATE DR Te FOR CAELE TRAY FIRE
EENC HECALE HER OF CAELE TRLAY FIRE

Cabk Type Bench-Scak HRER Select Cable T
perUnkFlor Area (L x W || SPEFR L PE .
[ L R WMo T daired cinble type then Click on selsc ton

Kl PE 1071

PEPRWC 289

XPEFREPE (¥

PEPWC 393

PEPRWC 359

A PEMe opre kg 354

PE, PPAILS.PE 345

FERWVC 312

X PEMe aprs kg 302

PE, PPAILS.PE pea]

PE, PPLIPE 27

FRXPEL LS.PE 258

P E, Mykon PV, Byl 231

P E, Nykon /P Wi, Myl 218

APEZIS.PE 04

Slcowe, ghss brakl, ashesos (182

ALPEMPE 178

PE, PPALEPE 7

Slcoue, (i brakl 128

Tethn 95

Uze rSpe otk Wale Ete rvalne

ReRrer® ;" Categng aanoe of Cabie Sammanity St U Leboatory Shaliaionod
Cable Slrmmablly Paameters” SR Resagrch Prgled 1851 NS BN, St 1.
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ESTIMATING FULL-SCALFE CABLE TRAY HEAT RELEASE RATE

Regrence | SAFS Hancook of Fie Pobsction Snglnesdng 3 Soltion 2002, Fope 0.

Q=045 0- A
here 0. = cable tray full-szale HRR (k)
Q.. = cablke tray bench-scale HRR (o
A= expozed foor area (length < widhof buming cable raw(m™)
Heat Felease Rate Calculation
Q=048 0 A
(@ = 21844 Ky 207.04 Biwisec

HOTE

The abowe calculations are based on principles developed in the 5FPE Handbook of Fire Protecton
Engineering, 3 Bdition, 2002,

Calculations are based on cer@in azsumptions and has inherent limitations. The results of such
caleulations may or maynot hawve reasonable predictive capabilities for a given situation, and should
anly be interpreted by aninformed user.

Athough each calculation in the spreadshest has been veried with the results of hand calculation,
there iz no absolote guarantee of the accuracy ofthese caloalations.

Ay questions , comments, concems, and suggestions, orto report an emons) inthe spreadshest,
please send an email to n E@nre.gow or mas:3 Enee go,
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Problem J-10

Problem Statement

Estimate the maximum plume temperature (T, cnenne) at the ceiling of a 6.0-m (20.0-ft) high
compartment above a 1,420 kW fire involving a 1% ft high stack of wood pallets in a 0.92 m?
(10.0 ft?) pallet area. Assume that the ambient temperature is 25 °C (77 °F).

Solution

Purpose:
(1) Estimate the maximum plume temperature for the given fire scenario.

Assumptions:
(1) All heat is released at a point.
(2) Buoyant forces are more significant than momentum forces.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT®:
(@) 09_Plume_Temperature_Calculations.xls

FDT® Input Parameters:
Enter the following parameters in the spreadsheet (values only):

-Heat Release Rate |J| = 1,420 kW

-Distance from the Top of the Fuel to the Ceiling (z) = 20 ft
-Area of Combustible Fuel = 10 ft*

Results
Heat Release Rate Plume Centerline
Q (kW) Temperature
Tp(centerline)
OC (OF)
1,420 164 (328)

*spreadsheet calculations attached on next page.
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Spreadsheet Calculations
FDT®: 09_Plume_Temperature_Calculations.xlIs

CHAPTER 9. ESTIMATING CENTERLINE TEMPERATURE OF A

BUOYANT FIRE PLUNE

Version 1805.0

The follaving zalculations estimate the centerline plume temperature in a compartment fire.

Fararmaers should be specified OMLY IN THE YELLOW INPUT PARAMETER BEOXES.
Allzubsequent output walues are calculated by the spreadsheet and based onwalues specified in the input
parameters. Thisspreadsheet s protected and securs to avaid errars due to awrong entry in a celli=).
The chapter in the NUREZ should be read before an analysis i made.

INPUT PARAMETERS

Heat Release Rate ofthe Fire (2 A0 00|k

Elevation Abowe the Fire 5ournce (Z) 2000t .10 m

Area of Combustible Fuel (A 1000t gazm

Ambient Air Temperature (Ta) FF00|°F 2500 T

Calculate 20800 |

AMEIENT COMDITIONS

Specific Heat of Air (o) 100 kliag-k

Ambient Ajr Density s 1.8 ka/m

Accelaration of Gravity (9 9581 misec

Convective Heat Release Fraction (5. o7

Mote: Air dersity will automn aticalby correctwith Ambient Air Temperature (Ta) Input
ESTIMATING PLUME CENTERLINE TEMPERATURE

Fe® i | 5FPE Hanchoow of Fle Proecion Svghreering 37 Edifon, 2002, Page 2-4.

Tpicenrwes- Ta= 8.1 (Tafg " pa'™ Q7 0z 2™
' hare Teiznkdrs = plume centerline temper ature (°C)
Qe = convective portion afthe he at release rate (i
Ta= ambient air temper atura (k)
g = acceleration of graxr'rl‘;.r(m.l’geclj
op = specific heat of air (kddog k)
Pa = ambient air deres ity (kgim
z= distance from the top ofthe fuel padiage to the ceiling (m)
zo = hypotheticalwirtual arigin of the fire {m)

Conwediwve Heat Relezse Rate Calculdion

Qe=3c

' hare Q= corrective porion ofthe heat release rate G
0= heat release rate of the fire (o)
Fe= conwective heat release fraction

Q.= 234 e
Fire Diameter Calculaion
= DS
i here FAe= ared of combustible fusl (m:j
[ = fire diameter {m)
[ = wid Ay
L= 1.09 m
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Hypothetical Virtual Origin Calculation
oD = -1.02 + 0.083 (07 WD
Where Zo = vittual origin ofthe fire (m)

2 = heat relesss rate of fire (KW
D = firediameter (in)
= 0.3y
o= 0.4 m

Ceanterling Plume Tenperature Calculation

Tpicertenier - Ta= 91 (Talg oo Mol Qs (-2

Tpiceriedres - Ta= 139.22
T picerierie: = 43722 K
([T picen orime; = 164.22 °C 327.59 °F

NOTE

The above calculations are based on principles deseloped inthe SFP E Handbook of Fire

Pratection E ngineeting, 3"' Edition, 2002,

Calculastions are based on certain assumptions and have inherent limitations. The results of such
caloulations may of may not have reazonable predicive capakilities for & given situgtion, and

should only be interpreted by an infarmed user.

Afthough each calculation in the spreadsheet has been verified with the resultz of hand calculation,
there iz no abzolute guarantee of the acouracy of these caloulation:s.

Any guestions, comments, concems, and suggestions, or to report an errar(s) in the spreadsheet,
please =end an email to nxdE@nre goy or mes 3N goy.
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Problem J-11

Problem Statement
A fire with ( = 3,000 kW occurs in a makeup pump room protected with sprinkler protection.

The sprinklers are rated at 74 °C (165 °F) [standard response bulb with RTI 235 (m-sec)"? and
located 3.0 m (10.0 ft) from the center of the fire source. The height from the top of the fuel
package to the ceilingis 5.5 m (18.0 ft). Determine whether the sprinklers would activate and, if so,
how long it would take for them to activate.

r=10 ft ¥
s o % 7 777
| Sprinkler
/—\.._.- e TR
H=18 ft /
} :

-

Problem 11: Fire Scenario with Sprinkler Protection

Solution

Purpose:
(1) Determine if the sprinklers will be activated for the given fire scenario.
(2) If the sprinkles are activated, determine how long it takes for the activation.

Assumptions:

(1) The fire is located away from walls and corners.

(2) The fire is steady state

(3) The ceiling is unconfined, unobstructed, and flat.

(4) Only convective heat transfer from the hot fire gases is considered.

(5) There is heavily obstructed overhead.

(6) The ambient temperature before the fire ignition is 70 °F
Spreadsheet (FDT®) Solution Procedure:

Use the following FDT®:

(a) 10_Detector_Activation_Time.xlIs (select Sprinkler)
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FDT® Input Parameters:

Results

Enter the following parameters in the spreadsheet (values only):
- Heat Release Rate of the Fire |Q| = 3,000 kW

- Distance from the Top of the Fuel Package to the Ceiling (H) = 18 ft

- Radial Distance from the Plume Centerline to the Sprinkler (r)= 10 ft

- Ambient Air Temperature (T,) =70 °F

- Select Type of Sprinkler = select Standard response bulb from the combo box
- Select Sprinkler Classification = select Ordinary from the combo box

Note: Ordinary classification is selected because the rated value for the sprinklers
in this problem (165 °F) is within the range of temperature ratings for ordinary
sprinklers (135 °F—170 °F).

Note: When the sprinkler type and classification are selected, their respective

values are automatically selected from the table and entered in the corresponding
input cells.

Sprinkler Type Sprinkler Activation Time*
t (min.)

activation

Standard 2.47
response bulb

*spreadsheet calculations attached on next page.
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Spreadsheet Calculations
FDT?®: 10_Detector_Activation_Time.xls (Sprinkler)

CHAPTER 10, ESTIMATING SPRINKLER. RESPONSE TIME

Version 1805.0
The following calculations estimate sprinkler adtivation time.
Pararmeters imYELLOW CELLS are Ertered by the User.

Pararmeters im GREEM CELLS are Atomatically Selected fromtbe OROFP DOWH MEMUfor the Sprirkler Selected.

Al zubsequent output walue s are caloulated bythe spreadshest and based onwalues spedified in the input
parameters. This spreadsheet iz protected and secure to awoid emors due toa wrong entryin a cell(s).

The chapterin the MUREG should be read before an analysis is made.
INFUT PARAMETERS

Heat Release Rate ofthe Fire (0305teady State)
Sprinkler Response Time Index (RTI
Activation Temperature ofthe Sprinkler (T, .0

Height of Ceiling abowe Top of Fusl (H)

Radial Distance to the Detector (1) Tnevermorethan 0.707 or 1/2v2 ofthe liste d spacing™

Ambient Ar Temperature (T,)

Conwective Heat Feleas: Rate Fracton (5.
rH= 0.6

200000 |v
A6 m- e
165 F T3ERC
12.00]n S48 m
10.00]n 305 m
FE.00|F ZE00°E
8200 K
o.ro

Calculate

GEMERIC SFRINKLER RESFONSETIME INMDEX [RTIF

Generc Response
Time hdex (BTN (m-zec)

Comman Sprinkler Type

Select Typeof Sprinkler

I Gtandard re sponss bub

Standard response bulb 136

Standard response link 130
Quick response bulb 42
Quick response link 34

User Specifed "alue Eriter ‘Walue

R gereppee : Madrophoushl D, TESvaiuation of Sosnkier Sotwrbn Feedction

ASLAELE

et o

FOE, irfe mations Correrence on Sine Sclence and Sngiteesing 1 Frooseding

H

Scroll to desired sprirkler type then Click on selection

Select Sprinkler Classification
[ orainar E

March 55 85, W05, Mowoon, Hong Mong pe. 2128,
*Mote: The acthml RTIshould be used whenthe value is available.
aodwrton

Temperature Classification  |Range of Temp ergture Generc Temperatre
Fatings (°F Fatings (°F

Ordinary 135t0 170 165

Intermediate 17510 225 212

High 250to 300 275

Extra high 325t0 375 A0

Wi My extra high 400ta 475 450

Uttra high S00to 575 550

Ukra high G40 AA0

Uzer Speciied ‘alue — Eriter ‘value

Scroll to desired sprinkler class
then Click on selaction

R Rreree | Subomatic Speihier Sstem sHandooh, & Sation, Natiors ! Sl Protection

Azsachtion Ouincy, Mz ssaciuzafts, 1004 Page 87,

*Mote: The actal ternperature mting shod d be used when the value is available.
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ESTIMATING SPRINKLER RESPONSE TIME
Reference: MiFPA Fie Pmdection Handboalk, 197 Siibion, 2003, Page 3740,

tacmatos = (RTUE Wedd (0 (Tt Tal(Tiet- Tacmannd)
‘Whera tactats = Sprinkler activation responsetime (sec)

RTI = sprinkler response time index (mrsec '
U= ceiling jet velocity (misec)

Tiet= ceiling jet termperature (°C)
T, = ambient air temperature (°C)
Tactwatn = activation temperature of sprinkler (°C)

Ceiling Jet Temperature Calculation
Tiet - Ta = 16.8 (@7 H® for tHH=0.18
Tiet - Ta = .38 (@17 H for H > 0.18
Where Tie+= criling jet temperature (°C)

Ta = ambient air termpearature °Ch

Gz = corwective portion of the heat release rate (KA

H = height of ceiling above top of fuel {m
t = radial distance fraomthe plume centerling ta the sprinkler (mm

Convective Heat Rel ease Rate Calculation

Qo= 0

Where = corwective portion of the heat release rate (kA
21 = hieat release rate of the fire (ki)
1. = comvective heat release rate fraction

Q.= 2100 1y

Radial Distance to Ceiling Height Ratio Calculation
tH = 0.56 MH=0145

Tet-Ta= {538 (Ao 23IWH

T|gt'T;.|: Tﬁq'g

T|g.t: 101.-‘-9 I:“C:I

Ceiling Jet Velocity Cal culation

Let = 0.96 (GHY"° - for H=0.15
et = (0.195 Q"7 H" " formH=0.15

Where Uet= ceiling jetvelocity (misec)

21 = hieat release rate of the fire (ki)
H = height of ceiling above top of fuel (m
t = radial distance fromthe plume centerling ta the sprinkler {mm
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Radid Distanceto Ceiling Height R=io Calculstion

WH = 056 nH =0.15
We = (0125 QM3 HAM S SE
We = 2E0Z mis ec

Sprinder Adtivation Time Calculaion
trwaa = (RTIw U I CINC Tier - Tak(Tier - Taciuannd)

tactaton = 142 47 s
[[The sprinder will respond in approsi matdy 2.47 minutes |
MOTE: Nty .04.n = "NUM” Sprinkler does not activate

The above calculations are bas ed on principles developed in the MFPA Fire Protection Handbook
1EIhE-:Ii‘ti-:-n. 2003, Caleulatiors are bazed on certain ass umptions and have inherent limtations.
The results of such calculations may or may not have reasonable predictive capabilities for a given
zituation, and should onby be interpreted by an informed user.

Although each calculation in the spreadsheet has been werified with the resulE of hand calculation,
there i no absolute guarantee of the accuracy of these calculations.

Any questions, comments, concerns, and suggestions, or toreport an errons) in the spreadsheet,
pleazse send an email to neil@nrc.gow or mes3@nre.go.
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Problem J-12

Problem Statement

A trash fire with an HRR Q| of 1,000 kW occurs in a battery room protected with fixed temperature
heat detectors with an RTI of 306 (m-sec)"?. The distance from the top of the fuel package to the
ceiling 3.7 m (12 ft) and the radial distance from the plume center to the heat detector location is
10 ft. Calculate the activation time (t,.,.i0,) fOr the detectors, using listed spacing of 4.6 m (15.0 ft).
Assume that the detector activation temperature of 54 °C (128 °F), and the ambient temperature
is 20 °C (68 °F).

r=10 ft

A o V, '/, A
Heat
Detector

[}
— |
H=12 ft /

¢

f

Problem 12: Fire Scenario with Heat Detectors

Solution
Purpose:

(1) Determine the response time of the fixed-temperature heat detectors for the given fire
scenario.

Assumptions:

(1) The fire is located away from walls and corners.

(2) The fire is steady state.

(3) The ceiling is unconfined, unobstructed, and flat.

(4) Only convective heat transfer from the hot fire gases is considered.
(5) There is heavily obstructed overhead.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT®:

(a) 10_Detector_Activation_Time.xlIs (select FTHDetectors)
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FDT® Input Parameters:

Results

Enter the following parameters in the spreadsheet (values only):

- Heat Release Rate of the Fire |Q| = 1,000 kW

- Radial Distance to the Detector (r)= 10 ft

- Distance from the Top of the Fuel Package to the Ceiling (H) = 12 ft
- Ambient Air Temperature (T,) = 68 °F

- Select the option button (o) for FTH detectors with T, ,4¢0n
- Select Detector Spacing: select 15 from the combo box

= 128 °F

Note: When T, ,..i0n @Nd Detector Spacing are selected, their respective values
are automatically selected from the table and entered in the corresponding input
cells.

Detector Type Heat Detector Activation Time
tactivation (mln)
Fixed 3.03
Temperature

*spreadsheet calculations attached on next page.
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Spreadsheet Calculations
FDT®: 10_Detector_Activation_Time.xls (FTHDetectors)

CHAPTER 12 ESTIMATING HEAT DETECTOR RESPONSE TIME

wWersion 180:5.0

The Blowng cakn lations et ate e o Bmp= ratare beat e coractvation e .
Param eters In VELLCWCEL LS are Enterad by the User.,
Param etérs In GREEN TELLS are Automatcally Selscted rom e DRECOP COOWWH MENU for Tie Detsctor Selec e
Alzabzeque ntorprtvaines ag caknlated by e speadsbee tavd ased on vales specificd b e hpat
parame® B . Thk speadk beet b proeced and seca ke o avoklermor de toawong enty e a oe k),

The chap®ri e NUREG ¢ honkl ke ead ke tore an anaki bk B made,

INPUT PARAMETERS

Heat Fe Base Fak of the Flre & S aly She)
Fadial Dktarce o the Delcirdh “severmore than 0707 or 152v2 of the ke dspacka™
Actvaton Tempe atne of the Fhed Temperat g HeatDe & otor (T

Dekctor Respanse Thie Wddex (RThH

He bitat Cellgaboue Top of Frg | (H)
Ambk it AF Tem = ratae (T

Cowectle HeatRekate Factby i3

rH=

083

1000 00 |k

10 000

125 [F

306 00 |m-rea

12 000

17 00|

Calculste

IMFLUT DATA FOR ESTIMATING HEAT DETECTOR RESPONSE TIME

Betivation
Temperature o owes

W T= 128 F

™T=135F

" T=445F

ULLE®dSpackg  [Reiponie Tine ok [Actuaton
T RTI dn-seo Tempe @t e °F)
10 [L=]i] 128

15 Kl 125

20 23 123

25 152 128

30 & 128

0 a7 128

30 712 128

0 [rs 128

Uge rSpechid Vale |Evervale Enr vahe
UL LE®dSpachq Feeponse Tine hekx  [Actvation
It RTI in-ie Tempe @t °F)
10 i 135

13 233 135

20 163 133

23 123 135

30 5 133

10 0 133

a0 =18 133

70 20 135

Uge rSpechked Vale |Evervane Enervahe
ULLE®dSpackyg  |Respowse Tine hokx  [Actvaton

I it FTIin-e o Tempe @t e CF
10 321 143

15 191 143

20 129 143

23 5 143

30 = 143

10 20 143

a0 3T 143

0 1 143

Uge rSpced Vale |Evervaie Enkrvahe
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Select Oetector Spacing

13 |
Scroll tode sired spacing then
Cick on sslscion

Select Oetector Spacing

Scroll tode sired spacing hen
Cickon wslecton

Select Oetector Spacing

Scroll tode sired spacing then
Click on salecion

305 m
kR

365 m
2500 ¢
Rk



" T=160F

“T=1Td F

“T=1%GF

UL Listed Spacing Fesponse Time Index  |Activation

riit) RTI(m-sec) Temperature (F))
10 ] 160

14 134 160

20 i} 160

24 pite} 160

0 44 160

L] 22 160

ser Speciied Yalue | Biter Yalue Eriter “alue

UL Listed Spacing Response Time Index  |Activation

rift RTI{m-zec) Temperature (F
0 196 170

14 109 170

20 fict 170

id s} 170

30 2T 170

Lser Speciied Walue |Eiter Walue Enter “alue

UL Listed Spacing Response Time Index  |Activation

riit) RTlim-sec) Temperature (F))
10 114 196

14 55 196

20 21 196

Ler Speciied Walue |Enter ‘Yalue Eriter “alue

ReRrercs : NAA Stanand T2 Natlorsa) Fre Slaan oo, Appencial, Tabls S-32.5.0, ®0R, Sdbon .
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Select Daedtor Spacing

Scroll to desired spacing then
Click on selection

Select D edor Spacing

Scroll to desired spacing then
Click on selection

Select Daedtor Spacing
Scroll to desired spacing then

Click on seledion



ESTIMATING FIXED TEMPERATURE HEAT DETECTOR RESPOHSE TIME
ReRrence ; WERS Sre Protection Sacbonk, © Sdtion 2003 Sape 340
tone = C BRI  CIn T - T - Tl
ihere townn = detector activation time (sec)
FTI= detector response ime index (m-sac)
u, = ceiling jet welocity (misec)
T.. = ceiling jet temperature (°C)
T. = ambie nt air temperature [°C)
T trars = activation temperature o f detectar (00

Ceiling Jet Temperature Calculation

T.-T.=168{0% H forrH=0.18
T.-T.=838(0.00 H forrH > 0.18
ihere T.. = ceiling jet temperature (°C)

T, = ambie nt air temperature [°C)

0. = convective porion ofthe heat relea se rate 0

H = height of ceiling abowe top of fuel (m)

r= radial distanca fromthe plume cantedine to the d etector (m)

Convective Heat Release Rate Calodation

o.=3.0

ihere 0. . comeective heat release rate (K7
0= heat release rate ofthe dre (k0
%= convedtive heat release fraction

o = ook

Radal Distamce to Ceiling Height Ratio Calculation

rH= 0a3 rH=015
015 A5 16 <015 153 45
Te-Tu= 538 ((0orrefivH
T..-T.= 5516
T.= 2018 (o)
Ceiling Jet Welocity Caleul ation
U, = 096 (QH) forrH = 0.15
U =(0195 0 H W forriH > 0,15
here u, = ceiling jet welocity (misec)

0= heat release rate ofthe dre (k0
H = height of ceiling abowe top of fusl (m)
r= radial distance fromthe plume canterine to the d etector (m)
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Radal Distance to Ceiling Height Ratio Calculstion
rfH= 033 rH>014

(0195 218 HY1 2" (54)
1473 mfec

Detector Sctivation Tirne Caled ation
T = ORI 0 CT - TT - T
t = 181 72 zec

Fhe detector will respond in approximatel w

3.03 minutes

HOTE: Kt,,4.04:0 = "HUN' Detector does not activate

MOTE

The abowe caloslations are bas=d on principles dewlopedin the MFPAFire Protection Handbook 19 Bdition,

200%. Calculgtions are based on cer@in assumptions and hawe inherent limiations .

The results of such calculations may or maywnot hawve reasonable predictive capabiliies for 3 given situation,

and should only be interpreted by an infomed user.

Athough each calculation in the spreadsheet has been w ifed with the results of hand calculation,

thers is no absolute guarantes afthe 3ccu@cy ofthese calculations.

Aoy questions, comments, concem s, and suggestions, orto report an emon,s)in the spreadshest,

please send an email to i Enre go v or ms 3 [Enee g o,
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Problem J-13

Problem Statement

Calculate the HRR necessary for flashover'QFnl and the post-flashover temperature in a long

access corridor that is 30.5 m long x 5.5 m wide x 3.0 m high (100.0 ft long x 18.0 ft wide x 10.0 ft
high), with an opening that is 0.91 m (3.0 ft) wide x 2.5 m (8.0 ft) high. Assume that corridor
boundary material is 15 cm (6 in) thick concrete.

Solution

Purpose:
(1) Determine the HRR necessary for flashover and the post-flashover temperature for the
given compartment

Assumptions:
(1) Natural Ventilation.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT®:
(a) 13_Compartment_Flashover_Calculations.xls
select Flashover-HRR to calculate the HRR for flashover
select Post_Flashover_Temperature to calculate the post-flashover temperature

FDT?® Input Parameters:
Enter the following parameters in both spreadsheets (values only):
- Compartment Width (w,) = 18 ft
- Compartment Length (I,) = 100 ft
- Compartment Height (h,) = 10 ft
- Vent Width (w,) = 3 ft
- Vent Height (h,) = 8 ft
- Interior Lining Thickness (8) = 6 in (Flashover-HRR only)
- Select Material: select Concrete from the combo box (Flashover-HRR only)

Note: When Concrete is selected in Flashover-HRR spreadsheet, its respective
properties are automatically selected from the table and entered in the
corresponding input yellow cells.

Results
Post-Flashover Flashover HRR
Temperature QFD KW (Btu/sec)
TPFO(max)
OC (OF)
Method of Law Method of MQH Method of Babrauskas Method of Thomas
478 (892) 2,739 (2,596) 2,611 (2,475) 5,618 (5,325)

*spreadsheet calculations attached on next page
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Spreadsheet Calculations
FDT®: 13_Compartment_Flashover_Calculations.xls (Post_Flashover_Temperature)

CHAPTER 13. PREDICTING COMPARTMENT POST-FLASHOVER

TEMPERATURE
Version 1305.0

The ©llawing calclations e stimate the compartment post-lashowertemperature.

Pararmeters im YELLOW CELLS are Ertered by the User,

Al subsequent output values are calculated bythe spreadsheet and based onwalues specified in the input
parameters. This spreadsheet is protected and secure to awvoid emors dueto a wrong entryin 3 cell(s).
The chapter in the MUREG should be read before an analysis is made.

INPUT PARAMETERS

COMPARTMENT IMFORMATION
Compartmenit Wiidth (w2 18.00|n SAEE4 M
Compartment Length (1. 100.00(0 WS m
Compartment Height th 10.00(n 3048 m
“wiznit Width (w ) 3000 o8lem
“wiznt Height th,) 2.00fn Z4EEm

Calculate

PREDICTING COMPARTRMENT POST-FLASHOVER TEMPERATURE
METHOD OF MARGARETLAW

ReRm e [ SAFE Hancoo: of e Frotection Snpgineerig B Sation 2002 fege B4R

T o = B000 (1 -2 0]
ihers T 1« = Masimum comparment post-flashover temperaare (°C)
0= wentilation factor

Where Q=08 - A0A vh)
A = total area ofthe compartment enclosing surface boundaries excluding area of went openings (m™)
A, = area of wentilation opening (m™)
h. = height of wentilation apening (m

Brea of WVertilstion Opening Cal cdstion

A=)

‘e A, = area of wentilation opening (m’)
w, = vent width (m’
h. = went height (m

A= z23 m

Breaof Compartrnent Enclosing Surface Boundaries
A= Plwow L+ 2thoww a4 2thoa 1] - A
ihere A = total area ofthe compartment enclesing surface boundaries excluding area of went openings (M)
w_ = comparmernt width (m)
|.= compartmenit length (m)
h. = compartment height (m)
A= area of wentilation opening (m”)
A= Aol .d47 m

‘wiertilation Factor Caleulation

= A AXA OB

ihere 0 = wentilation factar
A = total area ofthe compartment enclosing surface boundaries excluding area of went openings (M)
A= area of wentilation opening (m™)
h.. = went height (m}

= 15775 m

Cormpart ment Post-Flashover Terperature Caleulation
T L= B000 {1 -e S0

[Te 0 imaees = 477.71 °C 29128 °F
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NOTE

The above calculations are bazed an principles developed inthe SFPE Handbook of Fire
Pratection E ngineering, 5" Edition, 2002,

Calculations are based on certain assum ptions and have inherent lim tations. The results of
such calculations may of may not have reasonable predictive capahbilties for a given situation,
and should only be interpreted by an informed user.

Although each calculation in the spreadshe et has been verified with the results of hand
calculation, there iz no absolute guarantee ofthe accuracy ofthess calculations.

Any questions, comments, concerns, and suggestions, ar to report an error(z) in the
spreadsheets, please send an em ail to nxd@nre .goy or mxs3ENc.goy.
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FDT®: 13_Compartment_Flashover_Calculations.xls (Flashover-HRR)

CHAPTER 13. PREDICTING COMPARTMENT FLASHOVER HEAT RELEASE RATE
wWersion 1805.0

The Tolowhg cakeylatons estmak e mmam beat e base @e pouled o compartme it Aashover.
Parama®rs In VELLOWCELLS are Entered by the User.

Parame®res In G REEN TELLS ars Automatically Selscted from e DROP oA MENU for the Materlal Selectad.
Allsntgequentontprtvales are cakon lated bry the s preads ke e tavd based on vale s specified b the it

parame® s, Thk speadsiestt proteced and secnm B avokl errors dee ©awrong & ity b ac 1E.

The chapte 1l e NUREG shonkl b gad betor ay aiakik b made.

INPUT PARAMETERS

ComparmentWEt W

Comparm ent Le nggth (13
Comparment Hekphtih s

et KR

wentHe kbt b

I rbrLinhg Thkkess @

I rbrLinkg The mal Cordectivly &5

100.00
15.00)
10.00)

3.00
2.00

a.0af
000 1 6[kWdm-k

Calculde

EREEEEEEE]

3

THERMAL FROFERTIES DATA

The m alondietiy [Select Material
Material
I AL | ot g
Almleem s 0208 Seroll © deslredmakral then Click on sslection
Shee | DA% Cabon 005l
Coucre 00016
Erick 00005
Glai: Plake 000076
Brick Cowcrete Block  |000073
Gypsnm Boarl 000017
Plwaasl 000012
Fr=r1 s vlation Board 000053
b phoand 000015
Seraked Concre e 000026
Plask moarnd 000016
Cachm Slicak Board (000013
Alemva Slicak Blck (000014
Glass Fher hivlatoy  |0.000037
Ecpe ik Pokityrens (0000034
Use rSpechikd vahe Evirvale
Fe®rere: Hobe . M

b, Srincioie s of Smokes Maregement, 2008 Sape 270,
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PREDICTING FLASHOVER HEAT RELEASE RATE
METHOD OF McCAFFREY, GQUINTIERE, AND HARKLEROAD (MGH )

Reremce : S5PE Hynohook of S Sobechion Snglneerdtg 3 Satlon 2002 Poge 3 A2

Orc= 610 wihe A A (vhe )
Mihere Q' = heat release rate necessany for 1ashowver A7)
he. = efie ctive heat trans®rcoeficiant (oim - K)
A = total area of the comparment endosing surface boundanies excluding area of went openings (m)
A= area of ventilation opening (m)
b = height of wentilation o pening (m}

Heat Transfer Coefficiert Calculation
h. = & B=zumningthat comnpartrnent has been hested thoroughly before flashower, it =t

Mhere h. = efiective haat transkr coeficiant (lm -k

k = interior lining themmal conductvity KAm- K
& = interior lining thickness (m
b = 0040 kil -K

Brea of WVertilation Opening Cal culation

A= e

Mihere A= ared of wentilation opening (m)
w = went width (m
b = went height (m)

A= 2.23 m

Brea of Compartrment Enclosing Suface Boundaries
A= 2w 13+ 2the wy +2hex 1] - A
Mhere Ay = total area of the comparment endosing surace boundaries emcluding area of went opening s (m')
w - = compartment width (m))
|- = comparment length (M)
he = comparment height (m))
A= ared of wentilation opening (m)
A= 55147 m

Minirnurn Heat Release Ratefor Flashover
Q= 610 wihe & A (vhe

[@re= 2TIBTT R
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METHOD OF BABRAUSKAS

ReRrerce | SEFES Hanchook of Sre Sobection Snptneernig, 3 Bdlkon, 2002, Page 3154+,
0. =750 A (vh)
Mihere Q.. = heat release rate necessany for 1ashowver A7)
A, = ared of wentilation opening (M)
h. = height of wentilation o pening (m)
Minirmurn Hest Release Ratefor Flashover
0. =750 A (vh)
(18- = 261129 KWW

METHOD OF THOMAS

ReRrence | SEFS Hnoook of S Sotection Sogineering, 3 Edllon, 2002, Page 3134

Ooc= 70 A+ 378 A vh.)

Mihere .. = heat release rate necessany for 1ashowver A7
A = total area of the comparment endosing surace boundaries ewmcluding area of wvent opening= (m™)
A= ared of wentilation opening (m)
h. = height of wentilation o pening (m}

Minirmurn Hest Release Ratefor Flashover

O 0= 70 A+ 378 A vh.)

.= SE17.A7 ki

Caleulation Method RAazhower HRR [KYy]

METHOD OF MGQH 27349
FHDD OF BABRL USKAS 2611
METHOD OF THOMAS SE18

NOTE

The abowe calculations are basad on principles developed inthe $FPE Handbook of Fire
Protection Engineering, 3 BEdition, 2002

Caloulations are ba=ed on cer@in assumptions and hawe inherent limi@tons. The resalts
of such calculations may or may not hawe reasonable predictive capabiliies for 3 given
situgtion, and should only be interpreted by an infommed user,

Athough each calculation in the spreadsheet has been werfied with the reaults of hand
caloulation, there is no absolute guarantes ofthe accur@cy ofthese caloulations.

Ay questions, comments, concems, and suggestions, or to report an emorns) in the
spreadshests, please send anemail to noi @ gowor mas3Enne go v
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Problem J-14

Problem Statement
Consider a closed compartment in a facility (a pump room) 2.75 m wide x 2.75 m long x 3.7 m high
(9.0 ft wide x 9.0 ft long x 12 ft high) (w, x I, x h,). A fire starts with a constant power of 75 kW.
Estimate the pressure increase attributable to the expansion of gases after 15 seconds.
Solution
Purpose:
(1) Estimate the pressure rise in the compartment at 15 seconds after ignition.

Assumptions:

(1) The energy release rate is constant.

(2) The mass rate of the fuel is neglected in the conversion of mass.

(3) The specific heat is constant with temperature.

(4) The hydrostatic pressure difference over the height of the compartment is negligible
compared to the dynamic pressure.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT*:
(a) 14_Compartment_Over_Pressure_Calculations.xls
FDT® Input Parameters:
Enter the following parameters in the spreadsheet (values only):

- Compartment Width (w_) = 9 ft
- Compartment Length (I,) = 9 ft
- Compartment Height (h.) = 12 ft

- Fire Heat Release Rate IQI =75 kW
- Time After Ignition (t) = 15 sec

Results

Pressure Rise* 16.53 kPa (2.40 psi)
*spreadsheet calculations attached on next page
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Spreadsheet Calculations
FDT®: 14_Compartment_Over_Pressure_Calculations.xls

CHAPTER 14. ESTIMATING PRESSURE RISE DUE TO A FIRE IN A

CLOSED COMPARTMENT

Version 1805.0

The follening calculations estimate the pressure sz ina compartment doe to ire and combustion.
Pararneters in Y ELL Oy CELLS are Entered by the User.

Al subsequent output values are calculated bythe spreadsheet and based on values specified in the input
parameters. This spreadshest is protected and secure to 3woid emors duete a wrong entryin a cellz).
The chapterin the MUREG guide should be read before an analysis is made.

INFUT PARAMETERS
COMPARTMENT INFORMATION
Comparment Width () 9.00{n 2T4m
Comparment Length 1. a.00|n 274m
Camparment Height (h) 12.00]0 3EE m
Fire Heat Release Rate () T5.00 kv
Time ater Igrition (1) 16.00]sec
Ambient S Temperature (1.0 Fr.00)F 500G
5E00 k
LMEIENT CONDITIONS
Iritial Atmosphenc Pressure (P 14.70|ps1 10135 kPa
Specific Heat of Air & Constant hlume (o) 0.71 |kdkg-k
[Mate: Walues of ¢ Anges from 0.71 to 085 kldog-k)
Ambient Ar Density (p) [ tigem

Mote: Ar density will auvtomaticaly comect with Ambient Ar Temperatune (T.0 Input
ME THOD OF KARLSSOH AHD GQUINTIERE

ReRpEnce : Marsonand QuTes, Snoosre S Oyrmics, 900, Page 02

[P- Pod P Q000 pac Ta)
Mihere P = comparment pressure due to fire and combustion (kPa)
P. = initial atmospheric pressure (hPa)
0 = heat release rate ofthe fire 00
t =time aterignition (zec)
W= comparment wilume (m )
p.= ambient density (hgdn )
. = zpedific heat of gir at cons@ant volume Quldog-E)
T. = ambient air temperaure (K]

Cornpartrnert Wolume Caleulation

W=moxloxh
here W= wolume ofthe compartment (m )
w. = compartment width (m)
|- = compartment length (m)
he= compartment height ()
Wi= 2P m 372 ft

Pressure Rize in Compartmernt
(P-PiP,= 0t/ P e T

(P-PLP. = 0.163 atm
hultipling by the atmosphens pressure (F.0= 101 kHa
Giwes a pressure diference = I 16.53 kPa 2.40 psi |
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Thiz example showsthat in a very shott tim e the presaure in a clozed compattm et rizes to
guite large value .

Most buildings have leaks of some sott . The above example indicates that even though a fire
compattm ent may be clozed, the preszure iz very rapid and swould presumably lead to suficient
leaks to prevent futher pressure rise fram ocourring. We will uze thiz condusion when dealing
with pressure izes in enclosure s with small leaks.

NOTE

The above calculations are based on principles developed inthe Enclozure Fire Dynamics.
Calculations are based on certain assum ptions and have inherent lim tations. The results of

auch calculations may or may not have reasonable predictive capakilities for a given situation,

and should only be interpreted by an inform ed user.

Althiough each calculstion inthe spreadshest has been verified with the resutts of hand calculation,
there iz no abaolute guarantee ofthe accuracy ofthese calculations.

Any guestions, comm ents, concerns, and suggestions, ar to repod an error(2) inthe spreadshest,
please send an emailto N @Nrc.goy or m xS 3E@Nnc. 9oy,
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Problem J-15
Problem Statement

The licensee used UL Design No. 816 to protect a number of unrestrained beams. The licensee’s
quality assurance (QA) program verified that there is 6.35 cm (2% in) thickness of fire protection
insulation on all of the beams. The size of the tested beam was W12 x 26. Determine whether the
6.35 cm (2% in) thickness of fire protection insulation is acceptable for a beam thatis W8 x 13.

Solution
Purpose:

(1) Determine whether the 6.35 cm (2% in.) thickness of fire protection insulation is
acceptable for a W8 x 13 beam using the data fora W12 x 26 beam.

Assumptions:

(1) The heat transfer is one-dimensional.
(2) The analysis assumes that as the structural member heats up, structural properties
change substantially.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT*:
(a) 17.1_FR_Beams_Columns_Substitution_Correlation.xls (Click on Beam)
FDT® Input Parameters:
Enter the following parameters in the spreadsheet (values only):

- Rated Design Thickness of Beam Insulation (T,) = 2.5 in
- Select Beam with known rating for insulation thickness: select W12 x 26
- Select Beam with unknown rating for insulation thickness: select W8 x 13

Note: When beam size (e.g., W12 x 26) is selected from the combo box, its
properties are automatically selected from the table (“Data” spreadsheet) and
entered in the corresponding input yellow cells.

Results

Required Equivalent 7.09 cm (2.79 in)
Thickness* not appropriate

*spreadsheet calculations attached on next page

From the substitution correlation, we obtain that 6.35 cm (2.5 in.) of fire protection insulation
is not appropriate for W8 x 13 because the required thickness is more than 6.35 cm
(2.51in.).

A similar problem can be analyzed for a column, the calculations for columns are included
in the same FDT® (not shown).
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Spreadsheet Calculations
FDT®: 17.1_FR_Beams_Columns_Substitution_Correlation.xls (Beam)

CHAPTER 17. ESTIMATING THICKNESS OF FIRE PROTECTION SPRAY-APPLIED

COATING FOR STRUCTURAL STEEL BEAMS (SUBSTITUTION CORRELATION)
Version 1805.0

Far beams protected by =pray applied protections, following corr elation enables substitution of one

beam fram anether by wansing the thickness of the fire protection insulation.

Faramatersin YELLOW CELLS are Entered by the User,

Faramaersin GREEM CELLS are Adtomdically Selededfromthe DROP DOWHN MEMU for the Beam Sdected.
All zubs equent output walues are caleulated by the spreadsheet, and based on values =p ecified in the input
parameters. This spreadsheet s protected and secore to avoid errors due to awrong entry in a cell]=).

The chapter inthe NURE® should be read before an anaheis & made.

INPUT PARAMETERS
F ated Dresign Thickness of Beam Insulation (T:) | 2.5(in

ior Rt
i eight of the Beam () 26(IbA
Heated Perimetar of Beam () 42 A5|in

| ion Rsti
i eight of the Beam (i) 12.00|IbA
Heated Perimeter of Beam (0] 27 52|in

SECTIONAL FACTORS FOR STEEL BEAMS

Select the Beam with konown Seect the Beam with unbknown
raing for insulion thickness raing for insul2ion thiclkness
[Twnzxze B | etz -]
Subscript 2 Subscript 1
{Rated Beam) Calculate {Substitute Beam)
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ESTIMATING THICKNESS OF FIRE PROTECTION INSULATION ON UNRATED BEAM

Regregce: UL Fie Fedsmnce Diecivy Wolime 3, 1005 Page /0.

T.= (000 + 06 T /D + 06D
M her e T- = caleul ated thickness= of fire protection insulation on unrated beam ind
T: = design thickness of insulation an rated beam Cin)
W = yeight of beam with unknovn insulation rating ket
i = wzight of design rated beam (b
[ = heated perimeter of unrated beam (i)
[ = heated parimeter of the rated beam din)

Required Equivd ent Thickness of Fire Protedtion Insulstion on Unrated Beam
T.= (0040 + 08 T W0 /01 + 05

IT.= 2790n | e
Bears with = larger Wib raio can abways be substitut ed for the strudtura member listed with = specific fire

T

resistive cowering without changing the thickness of the cowering.

NOTE

The abowe caloulations are based on method developed inthe UL Fire Resistance

Lrirectony, Wolome 4, 1995, Calculations are based on certain assumptions and hawe inhe rent
limitatiors. The results of such calculatiors may or may not b awe reason able

predictive capabilities for 3 given sitoation, and should onby be interpreted by an

informed user.

Although each calculation in the s preadsheet has been verified with the results of hand calculation,
there i no absolute guarantee of the accuracy of these caleul ations.

Ay questions, comments, concerns, and suggestions, orto report an erron’=]) in the spreadsheet,
pleaz e send an email to neif@nre. gow or mes=Enrc. gov.
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Problem J-16

Problem Statement

During a routine fire protection inspection, an NRC inspector discovers a significant oil leak in a
station air compressor in an access corridor in the fuel building. It is important to determine
whether a fire involving a 76.0-liter (20.0-gallon) spill of lubricating oil from a compressor could
damage the safety-related cable tray and electrical cabinet in the corridor. The compressor is on
a pedestal approximately (1.0 ft) above floor level and has a 1.12 m? (12.0 ft°) oil retention dike.
The safety-related cable trays are located 2.5 m (8.0 ft) above the corridor floor with a horizontal
distance of 1.2 m (4.0 ft) from the edge of the compressor’s oil retention dike. The horizontal
distance between the compressor oil dike and the electrical cabinetis 1.52 m (5.0 ft).

The access corridor has a floor area of 6.0 m wide x 4.6 m long (20 ft wide x 15 ft long) (w, x 1),
ceiling height of 3.0 m (10.0 ft) (h,), and a single unprotected vent opening (door) thatis 1.2 m wide
x 1.8 m high (4.0 ft wide x 6.0 ft high) (w, x h,). The corridor has no forced ventilation and it is
constructed of 0.3048 m (1.0 ft) thick concrete. The corridor has a smoke and heat detection
system and a wet pipe sprinkler system. The nearest sprinkler is rated at 74 °C (165 °F) with an
RTI of 235 (m-sec)"? and is located 2.98 m (9.8 ft) from the center of the dike. Determine whether
there is a credible fire hazard to the safety-related cable trays and electrical cabinet. Evaluate the
hazard of the fire scenario using the following parameters:
(a) pool fire heat release rate, Q , flame height, z, and burning duration, t,

b) compartment hot gas layer temperature, T , as well as gas layer height z
c) heat flux to the target (electrical cabinet) using the point source model,4”

) heat flux to the target (cable trays) using the solid-flame radiation model, 4"

)

centerline plume temperature, T .oerine)
f sprinkler activation time, t, . aton

g) HRR necessary to cause flashover, QFD

® Q

~

(
(
(
(
(
(

Solution

Purpose:

(1) Determine if the given fire scenario could represent a hazard for the safety-related cable
trays and electrical cabinet.

Solution Approach:

To analyze this fire scenario, we are going to use various concepts that have been
presented individually in the NUREG. A logical approach for this type of problem is to
analyze the heat source and then its effect over the safety-related targets and fire
suppression systems. First, we are going to calculate the HRR, flame height, and the
burning duration of the pool fire (see Chapter 3) in order to determine the intensity and
geometrical characteristics of the fire. Then calculate the hot gas layer temperature and
gas layer height (see Chapter 2). Then calculate the centerline plume temperature to obtain
an estimate of the maximum temperature in the fire scenario (see Chapter 9). Then, we are
going to calculate the radiative heat flux from the pool fire to the electrical cabinet and cable
tray (see Chapter 5). After that, evaluate the activation time of the sprinkler system to
determine if the system is able to respond to the actual developed fire (see Chapter 10).
The last calculation is the required HRR for flashover (see Chapter 13). Once we get all
these values, we have to use them to evaluate the hazard of the fire scenario.
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Assumptions:

A~~~ o~~~
NOoO g WON -
—_ — = — — — —

(8)
(9)
(1
(1

There is instantaneous and complete involvement of the liquid in the pool fire.

The pool fire is burning in the open.

The pool is circular or nearly circular.

The fire is located at the center of the corridor or away from the walls.

All heat is released at a point

Buoyant forces are more significant than momentum forces

Radiation to the surroundings can be approximated as being isotropic or emanating
from a point source (valid for point source radiation model only).

Only convective heat transfer is considered for sprinkler activation.

The ambient (or initial condition of the air) is at 25 °C (77 °F)

0) The bottom of the oil retention dike is at ground level.
1) The distance from the top of the fuel package (oil pool) to the ceiling is 10 ft, the pool

height or oil layer thickness is negligible compared to ceiling height (about 0.22 ft).

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT®:

(a) 03_HRR_Flame_Height Burning_Duration_Calculations.xls
(b) 02.1_Temperature_NV.xls
(c) 09 Plume_Temperature_Calculations.xls

(d) & (e) 05.1_Heat_Flux_Calculations_Wind_Free.xls (select Point Source and
Solid Flame 2 for the target cabinet and cable tray heat flux analyses,
respectively)

(f) 10_Detector_Activation_Time.xls (select Sprinkler)

(9) 13_Compartment_Flashover_Calculations.xlIs (select Flashover-HRR
to calculate the HRR for flashover)

FDT® Input Parameters:

Enter the following parameters in the spreadsheets (values only):
(a) 03_HRR_Flame_Height_Burning_Duration_Calculations.xls

- Fuel spill volume (V) = 20 gallons

- Fuel Spill Area or Dike Area (A,,.) = 12 ft°

- Select Fuel Type: select Lube Oil from the combo box

Note: When Lube Oil is selected, its properties are automatically selected from the
table and entered in the corresponding input cells.

Results*
Pool Fire Flame Height
H?at Release Rate Burning Duration H; m (ft)
(J kW (Btu/sec) t, (min) Method of Method of
Heskestad Thomas
1,131 (1,072) 22.0 2.7 (8.85) 2.95 (9.67)

*spreadsheet calculations attached at the end of the problem
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(b) 02.1_Temperature_NV.xls
- Compartment Width (w,) = 20 ft
- Compartment Length (I,) = 15 ft
- Compartment Height (h,) = 10 ft
- Vent Width (w,) = 4 ft
- Vent Height (h,) = 6 ft
- Top of Vent from Floor (V;) = 6 ft
- Interior Lining Thickness (8) = 12 in
- Heat Release Rate |Q| = 1131 kW

- Select Material: select Concrete from the combo box

Note: When Concrete is selected, its properties are automatically selected
from the table and entered in the corresponding input cells.

Results*
Time Hot Gas Layer Gas Layer Height
(min) Temperature z m (ft)
T4°C (°F)

0 25 (77) 3.05 (10)
1 199 (389) 1.83 (6.0)
2 220 (428) 1.83 (6.0)
3 233 (452) 1.83 (6.0)
4 244 (471) 1.83 (6.0)
5 252 (486) 1.83 (6.0)
10 280 (536) 1.83 (6.0)
15 298 (568) 1.83 (6.0)
20 311 .(592) 1.83 (6.0)

*spreadsheet calculations attached at the end of the problem

(c) 09_Plume_Temperature_Calculations.xls
- Heat Release Rate () = 1131 kW

- Distance from the Top of the Fuel to the Ceiling (z) = 9 ft
- Area of Combustible Fuel: 12 ft?

Results*
Heat Release Plume Centerline Temperature
Rate Q (kW) Tp(centerline) °C (OF)
1,131 473 (884)

*spreadsheet calculations attached at the end of the problem
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(d) 05.1_Heat_Flux_Calculations_Wind_Free.xls
Point Source (heat flux to the electrical cabinet)
- Fuel Spill Area or Dike Area (A,,.) = 12 ft°
- Distance between Fire and Target (L) = 5 ft
- Select Fuel Type: select Lube Oil from the combo box

(e) 05.1_Heat_Flux_Calculations_Wind_Free.xls
Solid Flame 2 (heat flux to the cable tray)
- Fuel Spill Area or Dike Area (A,,) = 12 ft°
- Distance between Fire and Target (L) = 4 ft
- Vertical Distance of Target from Ground (H, = Hy,) = 7 ft
- Select Fuel Type: select Lube Oil from the combo box
Note: When Lube Oil is selected, its properties are automatically selected from the
table and entered in the corresponding input cells.

Results*
Radiation Model Target Radiant Heat Flux
(" kW/m? (Btu/ft*-sec)
Point Source Electrical Cabinet 6.0 (0.53)
Solid Flame Cable Tray 13.24 (1.17)

*spreadsheet calculations attached at the end of the problem

(f) 10_Detector_Activation_Time.xIs
Sprinkler

- Heat Release Rate of the Fire IQ [=1,131 kW

- Distance from the Top of the Fuel Package to the Ceiling (H) = 9 ft

- Radial Distance from the Plume Centerline to the Sprinkler (r)= 9.8 ft

- Ambient Air Temperature (T,) =77 °F

- Select Type of Sprinkler = select Standard response link from the combo box
- Select Sprinkler Classification = select Ordinary from the combo box

Note: Standard response is selected because it corresponds with the given RTI
value. Also, Ordinary classification has been selected because the rated value for
the sprinklers in this problem (165 °F) is within the range of temperature ratings for
ordinary sprinklers (135 °F-170 °F).

Results*
Sprinkler Type Sprinkler Activation Time
tar:tivation (mln)
Standard response link 1.73

*spreadsheet calculations attached at the end of the problem
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(g) 13_Compartment_Flashover_Calculations.xls
- Compartment Width (w,) = 20 ft
- Compartment Length (I,) = 15 ft
- Compartment Height (h,) = 10 ft
- Vent Width (w,) = 4 ft
- Vent Height (h,) = 6 ft
- Interior Lining Thickness (8) = 12 in
- Select Material: select Concrete from the combo box
Note: When Concrete is selected, its properties are automatically selected from the
table and entered in the corresponding input cells.

Results*
HRR for Flashover
QFD kW (Btu/sec)
Method of MQH Method of Babrauskas Method of Thomas
836 (729) 2,261 (2,143) 2,064 (1,956)

*spreadsheet calculations attached at the end of the problem

Conclusions

According to the calculations the fire could represent a hazard to the safety-related targets
(cable tray and electrical cabinets) due to the following results:

From the pool fire analysis we obtain that the flame height is greater that the cable tray
height. That means that the flame probably willimpinge upon the cable trays since the pool
is just at 4 ft from the cable tray (horizontal distance).

The hot gas layer analysis estimates that the hot gas temperature will be over 500 °F and
almost 600 °F at 10 minutes and one (1) minute, respectively. These temperature values
are the critical temperatures for thermoplastic cables. Also the corridor will be almost filled
with smoke at one minute after the ignition, which means that the cable tray and electrical
cabinet will be rapidly exposed to the hot gas layer.

Heat flux calculations show that the solid flame model predicts a radiant heat flux greater
than the critical heat flux for IEEE-383 qualified and unqualified cables. Also, the heat flux
to the electrical cabinet could represent a hazard for the integrity of the cabinet components.

The HRR of the fire is very close to the HRR for flashover. Therefore, the whole corridor
could flashover. The sprinkler should activate approximately at 2 minute after the fire
development, during this time the fire should begin to be controlled. The burning time of the
pool is significantly greater than the activation time of the sprinklers; thus, a complete and
immediate extinguishment of the fire is not expected.
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Spreadsheet Calculations

(a) FDT®: 03_HRR_Flame_Height_Burning_ Duration_Calculations.xls

CHAPTER 2. ESTIMATING EURNING CHARACTERISTICS OF LIQUID POOL FIRE,

HEAT RELEASE RATE, BURNING DURATION, AND FLAME HEIGHT

Werslon 1805.0

Tree follovalrg cd adalans &5 ke e el e leare rake , bomirg dueralon, ard 1ane Pedghl for B d pool dre.
Farmams®ercin YBELOWER LS ars Entered by his U,

Fammes®rcin GREB CHR LS am saubmatoally Sdsotd om hig DROP COWHMER U for the Fud Sdeoied.
Al b sequen] oupulvdues Te cakalaked by be spreatbes | an baxed onvake s pedied In e gl

parame ks, This sprealsiee s prokecked ard seare ookl emors e oa wiong eniy Ina el .

The chegp krin e WURED shoul be resd bevore ananalyrl s mak .

JMEUT PARAMETERS
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AnbEnlAr Derul ko .15

| caleuats

Mok o A deral ol ankomadcaly aomec st hAamblen] Ar Tempershae (T

THERMAL PROIPERTIES DATA
EURHING FAT EQEAT ARSI RELIZUIDHY DRCCAREOH FUEL S
Fuel M s Burrirg Rak Healom Combue ba D rul by BErplrizd Cons bl | Seleot Fusl Typs
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L el 20,000 [ 100 Zoroll o dedred el fpe
| = [ |2 00 o4 1[xn] Al kon celeot n
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Uger Tpedied Vake Enkr vake B r ALk Erder wawe

J-94



ESTIMATING POOL FIRE HEAT RELEASE RATE

Fegreyce  SFFEHadboo ofFle Ao ecion Sigieaning | 37 Bdkby, 2002, Fage 325,

Q=m4H. ,{1-e 1A
M here 0= poal fire heat release rate Jans
'= mass burning rate of fuel per unitsuface area (kg'm -z ec)
AH. .= effective heat of combustion of fuel (kdiog)
A= fees=surface area of pool fire (area invohred inwvaporization) (m
kfi = empirical corstant (m
[ = diameter of pool fire (diameter invohred in waporization, circular pool s assumed) (m)

Fodd Fire Diamaer Cacalaion

P = T i
' hare Ay =surface area of poal fire (m)
[ = poal fire diamter (m)

[ = il b 70

L= 1.194 m

He=a Rde=mse Rae Calculation (LEmkE with Blatbe ks bbh sk polit, ke ranstmer oll, manle
Q=maH. . (1-a " 1A koaked keathg o ackk i ko
[l== 1131.33 Ky 107234 Btussec

ESTIMATING POOL FIRE BURHING DURATICON

Rekreics  SFPERanchook of Fle Poecion Sighearing 20 Editb, 1995, Pacg 3197,

t=dSinl e

W here t. = burning dur ation of pool fine (5ec)
W= wolume of liquid (m )
[ = poal diameter (m)
W =regression rate (misec)

Calcdaion for Regression Rate
W= m'ip
i here W =regression rate (misec)
m" = mass burning rate of fuel (kg'm -sec)

P = liquid fuel dersiy (ka'm
u= 0000051 mis ec

Burning Ourstion Calcd &ion
t.= D v

[t-= 132337 sec 2208 mirdtes um

N thata Ikl pool The with a gle s amoatotte [can bar for beg pe rbos of tne cuersmallagaoror
Shortperbok of tne Guera lEg aka.

ESTIMATING POOL FIRE FLAME HEIGHT
METHOD OF HESKESTAD

Fekec: | SFPEHadbhoow o Fle Ao ecion Snglesriag , 2 Editbe, 1925, Pagg Z-10.

H=02350 -1020
W here H, = poalfire flame height {m)

0= poal fire heat rele ase rate onm
[ = poaol fire diameter (m)

Fod Fire Flame Height Calculation
H=02360 -1.020

H.= 270 m 5.5 #
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METHOD OF THOMAS
Rererce: SERS Hamboot of She Sotection Snghestg, 2 Blllon, 1995, Page 3204

Hi= 42 O im™'p 0 i D0
Wiemr H = poolTh Thme ke kit i’
m =maiibnming @e otme lperopkainmce area &oim -5ec
o= ambkytalrce ity -]‘:El.‘ﬂ'l ]
O = pool A diame®rins
i = gratatoralacce k Atk dn e

Pool Are Ram & Helght Caleulation
Hom 42 0 am~'p,uig OO

[H:= 135 m ST 1

Caleulation Mathod Aam & Halght [t}

||'.'| ETHOD OF HES KESTAD 845

M ETHOD OF THO MAS 367

ESTIMATING POOL FIRE RESULT S FOR RANDOM SIZE SPILLS USING INFUT PARAMETER S

arga (1) arsa (m ) |Ciam ster im QW) tieec ) H, (T (He shastad § H, (Tt [ Tham as §

1 .09 0.34 3428 15880 43 360 L08
2 0.13 0.4% 185,56 7340.21 464 518
3 0.28 0.60 152,34 5293.48 597
4 0.37 0.6% EEGRRE] 370,11 660
5 0.48 0.77 4Tt 3176.09 1
8 056 0.54 585,69 2646.74 760
7 065 0.41 §59.97 268,63 8.0z
@ 074 0.57 75425 1383505 £.40
3 054 103 845,53 176449 875
1 053 .03 342,82 1555.04 8.07
" 102 114 1037.10 144368 3.38
12 111 Rt 13138 1325.37 a.67
3 121 124 1225 86 221.57 5.54
14 1.30 1.2 131594 1134.32 10.20
5 1.3 .33 141422 1055.70 10.43
20 156 154 1885 63 7ad02 1155
23 232 172 235704 83522 12.48
50 455 143 471408 R 1587
73 647 .38 FOT 12 11174 15.28
100 323 3.44 342617 155,50 20.20

carton: The pupose ot thls ravdom splls 2 chartk D akl e veer i evalathy the
bazad ot random sEed spli. P Raze 1ok tatthe cakrlaton dos witke o acont
the v bcosty orvolatiby ofthe Ik, orthe absomptl by otthe s aface. The riks
gereraed bramallvom e spls ouer lang aras shotklbe wed whh exteme cantion.

The axue cabalatbng are base don pricipkes devekped v the SFPE Handsook of Fle
Pk ctbon Encihes rhg, 2ad Bion, 1963,

CakEtons AR based o certal Az ampton s aed kave ke Bt imietons. The Rl
atsach cakalatons may ormay iwthave raoiabk predictve capabltes Bra ghe
satn, andshonklonly = WEPE Ry an Womed v

AR ok each cabalatbon v te spreack ke ethag bee v ve e with the esate of b and
caknlaton, te B B roaEo NE grames ofthe acciracy of these caken laton s,

Ary questons, comm e vk, oo hce nE, A 0 g, or B eport an e mong) I te
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(b) FDT®: 02.1_Temperature_NV .xls

CHAPTER 2. PREDICTIHG HOT GAS LAYER TEMPERATURE AHD SMOKE
LAYER HEIGHT IH A ROOMFIRE WITH HATURAL VEHTILATIOHN
COMPARTMEHNT WITH THERMALLY THICK THIH BOUHDARIE S

wersion 18050

The Folowi cakny btons estinate the bot gas Byer Bmperatare and smoke Ever e Ot b encine e,
Parama®rs In VELLCW ZELLS are Bntersd Ly the User.

Paramea®rsIn GREEN CELLS ars Automatically Selec®d Tom e DROP DOWAH MENU Borihe Material Salec g d.

Allzabzecpentovprivales ae cakcnlae dly e spreak bes tand base doy vales sp=crecl v e hprt
pammet B, ThE Spralibeet b pookced andse g Davokle rog O ©a wiondg e iy ea ez 1E,
The chapk rinthe NUREG shont b eadbetor an anakik & mak .

IHPUT PARAMETE RS

T —— e r————
COMPAETMENT INROR MATICH

Com pa tme WLV ) 20.00
Comparme it Lengt (1 15.00
Coompatme ot He ket i 10,00
e ntWW kEh o Liod
VentHe bt i i 5,00
Top ot ek tTRm Fbor () .00
Interor Linleg Th ERR8SS &) 2.0

A TN T —

AMBIENT CONDITE: NS
A bk tAF Tempeatire (T
Specic Heatot A1 &) .00
Bmbk AT Denshy . | g bam

THERMAL PROPERTIES OF COMPARTMENT ENCLOS ING SURFAZES ROR
Ieterkar Liwlvay Themal e i &g 258
Interkor Linle g ThemabZod vt iy s 000iE
Interkor Linly g Spechic Heat o 0.73
Interkar Linleg Densky 2400

Mok arders by wilavomatically correct whh Sm bk tair Te mpe ratme 05 hpt

EXFERIMENTAL THERMAL FROFERTIES FOR COMBON INTERIOR LIMING MATERIAL S
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IRE SFECIFICATIONS

Fire Heat Release Rate (0 1131.00 kw
Calculate

METHOD OF McCAFFREY, QUINTIERE, AHD HARKLEROAD (MOH)

ReRrence | SFPE Hanchook of Fie Probe dion Sngineeriyy 3 Bl lon, 2002, Page 3175,

4T, = 6.85 [0 A 0k
ihere 4T, = T.-T.=upper layer gas temperature rize abowe ambisnt (K
0 = heat release rate ofthe fire 7
A= area of wentilation opening (m)
h. = height of wertilation opening (m)
he = conective heat transer coeficient fondm -k
Ay =total area ofthe compartment enclesing surface boundaries excluding area of went openings (m)

frea of Verntil ation Opening Calculation

A= (..

here A, = area of wentilation opening (m)
w .= wvent width ()
h. = went height (ml

A= 2.23m

Themnal Penetration Tirne Calculation
.= (P M) (52
ihere t. =thermal penetration time (=e2c)
p = interior construction d ensty aafm )
G = interor construdtion heat capacity (othg- k)
k = interor construction themal conductity oiiime- K)
& = interior construction thickness (m
t.= 2E128.98 sec

Heat Trarsf er Coefficient Caleu ation
b= i ped] fart <t ar 3] fart » 1
ihere h. = heat ransfer coefficient Joim -kl
b = interior constructon themral inertia (oiiim - K) -sac
(3 thermal property of material responsible forthe rate oftemperature nse)
t = time after ignition (zec)
See @ble below for results
frea of Cormpartrnert Enclosing Suface Boundaries
Py= [2twe 2 150+ 20he w0 w4 20he w0 1c)] - A
here A =total area ofthe companment enclosing surface boundares ewmcluding area of went openings im)
W .= comparment width (m)
|- = compartment length (m)
h: = compartment height (m)
A, = area of wertilation opening (m )
A= TMag54m

Compartrnent Hot Gas Laver Ternperature With Natoral viertilstion
AT, = 6.8 [2° /A0 0k

AT, = T:-Ta

T.= LT+ Tu
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Time &tter lgnidon (1) 1 AT, T T,
i b [E1s] kA - i) [ [ ]
000 - - 235,00 23.00
1 1] 0.22 173.60 160 136 .60
2 128 [ [ 194. 86 45288 219.86
3 160 (] 20845 F06.45 13545
4 40 a1 218.73 EENE 243.73
3 300 0.0 21701 3501 232.01
1] ) b.ar 254.81 33281 PR |
15 300 0.06 272,63 57063 29763
20 1200 0.03 286.02 6402 1102
23 1500 0.04 29686 486 32186
30 16010 .04 30602 0402 331,02
33 2100 .04 3 13.98 61138 338.98
40 2400 0.03 421.03 E13.03 34605
45 aran 0.03 ama E25.41 3524
30 3000 0.03 333.21 631.21 358.21
33 3300 0.03 33853 3653 363.55
1] 3e00 0.03F F43.43 E41.43 JE6.43
Hat Gas Layer Tempe@ture
MNaturd “bntilation (WO H hiethod)
200
Yoo +
B 600 ———
2 500
=
# 400 f""r
% 300 ]
@ 200
" oo |
I:I 1 1 1
1] 10 20 30 G0

Time [mim)
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ESTIMATING SMOKE LAYER HEIGHT
FMETHOD OF Y ARMANA AND TANAKA

Z= ik d T3R8 +04 ]

ke B T=amoke layerbekhtiang
O =heatekare Ak otthe ME KN
t=the ater knkby Gedh
b =comparme ithe kbt
&= comparkn ey tThorarea
k =a constutgbe by k= 0076
p.o=hot gas layver e ks Hy dkom
polE g hen by po= 3ERT,
T.=botgar B remperat e (5

Com partment 2rea Caleulation

i W

A = comparmerttborasain

W= ol pa tme it wkith dnG

| = cofn s tme it B gt dnd
rETm

Whe B

HotGae Laver Denelty Caleulation
po= 3T

Zale ulation tor Constant K
k- 0 07 ip

Smokis Gas Layver Helght Wi Hadral vesnilatlon
z- ke BEA]+

Cation! The = moke |ayer height i= 3 conservative estinde andi=s only
intended to provide =n indicgion wherethe hot ga= layer islocged. Cdculded
=rmoke | ayver height belorerthe went height are not credit sble since the calculation

i= nat accourting for the smoke exiting the went.

Tim# '3 Constantly | Smoks Layer lelght | Smoks Layer helght

an kM s N -1 i =M
0 115 0064 3.03 10,00
1 0.5 0102 .83 £, 00
z 0.2 0106 1.83 5.0
3 070 0109 183 £.00 CAUTEDH:
4 [ 0111 1.53 5. 00 CAUTEDH:
5 067 0.113 .83 £, 00
10 [ 01139 1.53 5. 00
15 062 0.123 .83 £, 00 CAUTEDH:
20 0.0 0126 1.53 5. 00 CAUTEDH:
25 059 0.128 1.83 £.00 UTKH:
30 058 0130 1.53 6.0 CAUTEDH:
35 058 0132 .83 £, 00 CAUTEDH:
40 057 0.133 1.53 5. 00 CAUTEDH:
45 056 0135 .83 £, 00 UTKH:
50 056 0136 1.53 5. 00 CAUTEDH:
55 0.55 0137 1.83 £.00 CAUTEDH:
5 055 0.138 1.83 5.0 CAUTEDH:
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Smoke Layer Height
Matural Wertilation (Method of Yam ana and Tanaka)

12
=[]
]
]
T
E * " E " ¥ % : ]
]
E
E
=]
o
ac

0 10 20 30 40 S0
Time [min)

The abowe calculations are based on principles deweloped in the 5F PE Handbook of Fire

Protection Engineering, 3 Edition, 2002

Calculations are based on cer@in assumptions and hawe inherent limitatons. The results of [uch
caleulations may or maynot hawe reasonable predictive cap abiliies for 3 given situation, and should
only be interpreted by aninformed user.

Athough each calcalation in the spreadsheet has been weried withthe results of hand caleulation,
there iz no absolute guarantes ofthe accu@ey ofthese calcubtions.

Aoy question s, comments, concems, and suggestions, orto report an eron’s) in the spreadshest,
please sznd an &mail to o Enne gow.
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(c) FDT®: 09_Plume_Temperature_Calculations.xls

CHAPTER 9. ESTIMATING CENTERLINE TEMPERATURE OF A

BUOYANT FIRE PLUNE

Version 1805.0

The following calculations estimate the centerline plume temperature in a compartment fire.

Faramaers should be specified OMLY IN THE YELLOW INPUT PARAMETER EOXES.

All zubsequent output walues are calculated by the spreadsheet and based onwalues specified in the input
parameters. Thisspreadsheet is protected and secure to avoid arrors due to awrong entry in a cell(s).
The chapter in the NUREZ should be read before an analysis & made.

INPUT FARAMETERS

Heat Release Rate ofthe Fire (0 1131 00|k

Elevation Abowe the Fire 5ource (Z) Q00(t 2Tém

Area of Combustible Fuel (A0 1z oot 1aim

Ambisnt Air Temperature (Ta) FF00|°F 250 T

Calculate 20800 |

AMEIENT CONDITIONS

Specific Heat of Air (o) 100 k- K

Ambient Air 0 ens iy ( Fa) 115 kgém

Aocceleration of Grawity (g) 881 misec

Convective Heat Release Fraction (5. o7

Mote: Air dersity will autom atically cormectwith Ambient Air Temperature (Ta) Input
ESTIMATING PLUME CENTERLINE TEMPERATURE

Fe® B ik [ SFPEHandhook of Fire AProecion Engivearing 3 Edifon, 2002, Page 2-0.

Toicerwes- Ta= 2.1 (T " pad' Q (z-z)
N here Tpiznkdre = plume centerline temper ature (°C)
Qe = comvective portion ofthe heat release rate o
Ta= ambient air temperature (k)
g = acceleration of gr.axri‘l'g.r(m.l'ieclj
op = specific heat of air (kddcog k)
Pa = ambiert air ders ity (kg'm)
z= distance from the top ofthe fuel padiage to the ceiling {m)
Zo= hypotheticalwirtual arigin of the fire (m)

Conwedive Hea Rele==e Rate Calculxion

Qe=Fc

N here Qe = corvective portion ofthe heat releas e rate (0%
Q= heat release rate of the fire (A
Fe= comve ctive heat releas e fraction
Q= TA1T ke

Fire Diameter Calculaion

Ao =D

N here Pe= ared of combustible fuel (m::l
[ = fire diameter{m)

[ = wid Al

b= 1.13 m
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Hypoth&ical virtual Origin Calculaion

ol = - 102+ 0082 (0D

W here =z = wirtual origin of the fire (m)
O =heat release rate of fire (ki
[ = fire diametarim)

ol = 014

= 047 m

Certerline Plume T emperz! ure ng cg_l;tinn =
Tpiceredres - Ta= 9.1 (Tafgep P2 ) 7 (Z-20) &
Tpicenedres - Ta= 44821

Tp-cmlerlre- = TAE 21 K

L 47321 °C £53.79 °F ||m

The abowve calculations are based on principles developed inthe SFPE Handbook of Fire
Frotection Engineering, 3" Editio n, 2002,

Calculations are based on certain assumplions and hawve inherent limitations. The results of such
caleul atiors may or may not have reasonable predictive capabilities for a given s ituation, and
zhould anby be interpreted by an informed user.

Although each calculation inthe spreadsheet has been werifie d with the res ults of hand calculation,
there i no absolute guarantee ofthe accuracy of these calculations.

Any questions, comments, concerns, and suggestions, or to report an errens) inthe spreadsheet,
please=send an email to nxi@nrcgow or mxs3 @nrc.gow,
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(d) FDT®: 05.1_Heat_Flux_Calculations_Wind_Free.xls (Point Source)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUX FROM FIRE TO A TARGET
FUEL AT GROUND LEVEL UNDER. WIND-FREE CONDITION

POINT SOURCE RADIATION MODEL

Version 1805.0

The fdlowing calcuations estimate the radigtive heat fux from 3 poal fire to 3 targd fuel.

The purpose ofthis calcuation is to estimate the adiation transmitted from 3 buming fuel amayto a @rget

fuel postioned some distance fom the ire gt ground kwelto determine it s2condany ignitions are likehy with no wind.
Fararneters in Y ELLOWY CELLS are Ertered borthe User.

Fararneters im GREEM CELLS are ftomnatical by Sdectad fronn the DROP DOWH M ENU forthe Fuel Selactad.
Al zubsequent ouput walues are calculated by the spreadshest and based on walues speciied in the nput
parameters. This spreadshest is protected and secureto 3wid ermors dueto 3 wrong entryin 3 czlli=).

The chapterinthe MUREG should be read before an aralyeis is made.

INPUT PARAMETERS

== Buming Fate of Fuel (m'™) 0030 kem -rec
Effective Heat of Combustion of Fuel (A H. =) G000 kL
Empiric:al Constant (b4 0F|m
Heat Felease Fate (0 113138 kv
Fuel #rea or Diee Area (A 1200]™ Lim
Distance between Fire and Target (L) S00|n 1524 m
Fadiative Fraction (5 0.0
OFTIONAL CALCULATION FOR GIWEN HEAT RELEASE RATE
salect” User Speciiad valus™ from Fus | Type Menu and Entervour HRF Dere 7 . Tew
Calculate

THERMAL FROFERTIES DATA

EURMING RATE DOTH FOR FUELS
Erpincal
Fuel hi3z= Buming Rate|Heat of Combustion Constant Salect Fusl Type :
me kit -s2e)  |aH. L bk K {m Lite O il
Ihiethanol 0017 20,000 100 Scroll to desired fuel typethen
Bhanol 0015 26,200 1m0 Clizk on selection
Butane 0078 45,700 iy
Benzene 0035 40,100 17
Hexane 0074 44,700 14
Haptane 0.101 A 600 1.1
Hlene 004 40,800 14
FoEtone 0 0 25,800 14
Dicxare 0018 26,200 h4
Diethy Bther 0085 34,200 or
Benzine 0 0 44,700 36
Gazoline 0 055 43,700 2.1
Kerozine 0039 43,200 35
Dias=el 0 05 A 400 2.1
JP-4 0051 43,6500 36
JP-5 0054 43,000 15
Tran=tormer Qil, Hydrocarbon 00349 46,000 or
561 Silicon Transformer Fluid (0005 28,100 100
Fuel Oi, Heawy 0035 39,700 17
Crude Gil 00335 <42 600 18
Lube 0l 0039 45,000 or
Douglas Fir Phawood 001082 10,900 100
User Specified alue Eriter “Alue Hiter ‘Walue Erter Walue
ETTETICR | & e o, | T A = TV I = | | S a e e -
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ESTIMATING RADIATIVE HEATFLUX T A TARGET FUEL

Re®rence | 555 Hanobookof A Frofection Snpineering , 3 Blllon, 2002, Fage 272

FOINT SOURCE RADIATION MODEL
qQ'=03i4aR
ihers q" = incident rAdiative heat 1ux on the @rget M)
0 = poal fre heat release rate 070
7. = radiative fraction
F = distance from center afthe pool fireto edge ofthe tanget (m)

Pod Are Diameter Calculation

A= w00

O = iy, =)

ihers Ay, = surface area of poal fire (m™)
0O = poal fire diamter (mi

0= 119 m

Heat Release Rate Calcdation

O=m"aH__(1-a" 1A

ihers 0 = poal fre heat release rate 070
m" = mass buming rate of fuel per unit surce area (hgdn'-sac)
4H = effective heat of combustion of fuel (kdbg)

A= zurface area of pool dre (area involed invaponz ation iim )
kf = empirical constant (m )
O = diameter of poal fire (diameter inwelwed in vaporzation, drealar pool is assumed) (m)

o= 113138 K

Distarce from Certer of the Fire to Edge of the Target Caledation

R = L+Dv2

ihere F = distance from center afthe pool fireto edge ofthe tanget (m)
L = distance between poal dre and @rget (m)
O = poal fine diameter (m)

R= 212 m

Radiative Heat Flux Caledation
qQ'=03/4aR

[l = g kidn© 052 Btuftses

NOTE

The abowe caloulations are based on principle s devweloped in the 5FPE Handbook of Fire Protection
Enqine ering, 3 Edition, 2002.

Caleulations are ba=sed on certain assumptions and hawe inherent limiations. The resubts of such
caleulations may or may not hawe rea=sonable predictive capabilities o ra given situation, and
shiould anby be interpreted by an informed user.

Athough each calculation in the spreadshest has been wverified with th e result= of hand calculation,
there is no absolute guarantee of the accuracy ofthese calculatons.

Aoy questions, comments, concems, and suggestions, orto report an emon’s) inthe spreadsheet,
please ==nd an emailto ned@nne.gow or mses3 Eore.go.
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(e) FDT®: 05.1_Heat_Flux_Calculations_Wind_Free.xIs (Solid Flame 2)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUX FROMFIRE TO A TARGET

FUEL ABOVE GROUND LEVEL UNDER. WAND-FREE CONDITION

SOLID FLAME RADATION MODEL

wersion 1805.0

The Hlwhg caknatons estnak the rallatbe ke atox fom pool e ©atgetme ]
The priEose ofthk caknlaton £ B estimak the @dbton ransm ted fom a bare kg Mel aray © a @get

e lpostoned some ditarce from e fle above gooed kueltode®m e Feecondary kjnlbes ae ke o wkh oo wid.
Param&tars In v ELLOWCELL § are Enkrad by the User.
Parameters In GREEN CELLS are Aubmatically Selec®d from he DROP COWWN RENU Tor the Fusl Selec ted.
Algabzequentorprtuales are caknbed by the spradikectand based on vales gpcmed b the hpnt
parameters. Thk spreack keet kb protected and sece to okl erron dee B awonge iy e acellis.

The chape r b the NUREG ¢ bovkl e re &l betor an avaksk E madk .

INPUT PARAMETERS

Mass Bumlg Rak ofFeelin ™ 0O39)mim e
Effective Heatot Combaston oTFaeli2H. 5 000k
EmpricalConstantkEs 01 |m
HeatRe kage Rate &0 1131 .38]Kn
FrelAracrDke ARA (B0 12 oofn Lm
DEtance betwees Fle and Tange tils Loom 1Z2E2m
Wertbal DEtavce of Targe tfrom Gronwd (H = H 3 7 00fn ZAE:Em
OPFTIOMNAL CALCULATION FOR GMWEM HEAT RELEASE RATE
Select ™l ser Zpe ol ed Valus” from Fuel Type Menuand Ener veur HER hers |,
THERMAL PROPERTIES ORTA
EUREHNING EATE DATA ROR FUELS
Frel Mazs Barelig Rak|Heatof Combnzton EmpIrcal Cowstant Select Foel Type
" ik oin e SH- 0 gD kB im0 Le Al j

TE 007 20,000 100 Scroll to desirsd fusl typs Tisn
Ethancl 0013 26,500 100 Click on ssls: on
B ntane 0078 L5700 2.7
Benze e 0 083 10,100 2.7
He tane 007t HiTon 1.9
He [ptan e 0101 Liaoo 1.1
W ENR 009 L0z00 1.4
crecd ] 13 004 235,500 1.9
Diorane 0013 26200 NS
Dl thy Ethe 1 0055 34200 0.7
| (13T 0 0ds LiToo 3.6
G ollee 0035 L3700 21
Fe s e 003 L3200 3.3
Dkzel 00ds Lidon 2.1

P-4 0031 L3500 kL

P-5 00354 L3000 1.6
ITEiomeard Il Hydrocabon (k] LG 000 0.7
55 1 S eon Transtome 1 Flvkl 0 00s 28,100 100
Fue |2, He awy 0035 30,700 i.7

1k QO 00333 L2500 2.8
Luls Gl (k] LG000 .7
Dondlas FIr P ywood 001082 10500 100
Uz erSpe chkd Vake Exter vale Eve 1 Valie EvErvale
FeRIErE : GFFE Lo of Fre Proecton Spreenty, 3 B bon, D05, Fage ¥20.
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ESTIMATING RADIATIVE HEAT FLUX TO A TARGET FUEL

Fe® pace | SFPE Ranchook of Fle Proecion Sigeesrkg, 3 Edkba, 2002, Page 3-276.

S0LID FLAME RADIATION MODEL
q'= EF
Mihe re q" = incident radiative heat dux on the target (WM
E = emis=zive power of the pool dre flame (kindim™
F

= wiew factor betweentarget and the flame

Foal Fire Diarmeter Calculation

A= =00

0= widd,. . ix)

ihe re A, = surface area of pool fire (M)
O = poal fire diamter (m

0= 1149 m

Erniz=ive Power Calculation

E=4& 10 )]

e re E = emiszive power of the pool dre flame (kindim™
O = diameter of the pool fire (M)

E= 56 71 (kiidn )

Wiew Factor Calculation

F = 1x5kan (h£5-10 “HhS=5En (05 T0S+10 w0508 -1 Bn @A +T0S- 1010100

F = 1&5an (haAS-10 “Hha'=5En (05 TS+ +AhamSia -1 Bn (A0S 10T 1)

A= h-"+5 #1325

A= th +5 #1325

B= 1+57%W25

5= 2R/D

h.= 2H.0

h. = 2H.0

F = F +F

e re F = total wertical view fBotor

F = disance fom centerofthe pool fire to edge of the target (m
H, = height afthe pool fire flame (m)

O = poal fire diameter (m)

Oistance from Center of the Pod Are to Edge of the Target Calculation

R=L+D0/2

ke re F = distance fom centerofthe pool fire toedge of the target (m)
L = distance between poal fire and @nget (m)
O = poal fire diameter (m)

F=L+0& = 1815 m

Heat Release Rate Caloulation
O=m"aH. {1-a" A,
Mihere 0 = poal ire heat release ate k7
m" = mass buming rate of fuel per unit surface area (kg'm-sec)
4H, = efective heat of combustion of fusl (kg
Ay, = surface area of pool fire (area involwved in wa poriz ation) (m)
kE = empircal cons@ant im )
O = diameter of poal fire (diameter invalwed in waporzation, droular pool is assumed) (m)
o= 113138 |k
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Pocd Fire Aare Height Calculation
H=0235Q -10:0

Mhere H = flame height (m)
0 = heat release rate of fre (N7
O = fire diameter (m

H= 2E33 m
5=2RMO= 3.047
h-=2H-D= 5582
h:=2HaD = 2(H-H-¥D= 0.947
A= he 541008 = 3.793
Po=he +5 41025 = 1.835
B=1+5325= 1.E87
F F F F Fiosi 1
F = 0133 0.3 023 03EE 0TS0 0. 153
F = 0.081 F F F F Fioni
F =F +F = 0.234 0033 oot o018 0SI9 0.081

Rad ative Heat Flux Cdcdation
q"= EF
[q= 13.24 KW 147 Btuft™-sec

Thee abowe caleulations are based on principles deweloped inthe 5FPE Handbook of Fire Protection
Enaineering, 3 Bditian, 2002

Calculations are based on cert@in assumptions and hawe inherent limitatiors . The resuks of such
caloulations may o may not hawe reasonable predictive capabilities fora given situation, and should
orly be interpreted by an infommed user.

Athough each calculation inthe spreadshea has been werided with the resuks of hand calculation,
there is o absolute quarantee ofthe acouracyofthess calolations.

oy questions, comments, concems, and suggestions, orto report an emon’s) inthe spreadshest,
plase send an email to nod Ennc gow or mees3 Enne g,
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(f) FDT®: 10_Detector_Activation_Time.xls (Sprinkler)

CHAPTER 10. ESTIMATING SPRINKLER RESPONSE TIME

wWersion 1806.0

The folowing calculaions estimate spinkler activaion time.

Fararmeters in Y ELLOWY CELLS are Ertered borthe User.

Pararmeters in GREEM CELLS are Sutomaticd by Selactad from the OR OF DO MENU forthe Sprirkler Sdected.
Al ;ubsequent output vAues are calculated bythe spreadsheet and based on walies speciied inthe input

pa@meters. Thisspreadshest is protected and secure to awoid emors due to 3 wrong entry in 3 c=li(s).

The chapterinthe MUREG should be read betore an aralysis ismade.

INPUT PARAMETERS

Heat Fekase Rae ofthe Fir (21(5teady Sate) 113100 [we

Sprinkker Response Time hdex (RTN 130 |m-ea

Aotivation Termperature ofthe Sprinker (T 165 [F TIENCC

Height of Ceiing abowe Top of Fuel (H) anof ZT4m

Fadial Distance to the Detector (1 ™never more than 0 707 or 1722 ofthe listed soacir™ agpp 259 m

FArhiert Ar Tempergure (T 77 00|F 2500°C
T K

Convective Hea Release Fate Fraction (3. 1]

rH= 103

GEMERIC SFRINKLER RESFOMSE TIME INDES [RTIF

Common Sprinker Type Generic Respon s Select Type of Sprirkler
Time hdex (BT (me==c) | standardre sponss link -]
Standard rezporse bub 235 Seroll to desired sprirkler type then Click onseledion
Sandard resporee link 120
Cuick responzse bulb X
Quick response link A
Lser Specified Wile Erter “Walue
Regrerce ; MpTpouEN, D, "Sumationo’ 5k S0t Faedction Mehoogs
S AFLANE, (rtermtionsy Correrance on e Solance and Snpieesing 1 Focescli

M 15N, DOS, Mouoan HongHong pp. 21428,
*Mgte : The achiml AT shod dbe used whenthe vadue is availsble.

Temperature Classification  |Fange of Temperaure Generic Temperatura Select Sprinkler Classification
Fating= (F Batings (F) I crdirary -

Ordinary 1#to 170 1645 seroll todesired spirkler class

Intermediate 17510 225 Iz hen Click onselection

Hgh 250 to 300 iTh

Estra high 2 to 36 350

‘wiznyestra high 0 to 4P5 450

Lktra high 500 to 575 550

Lktra kigh a1} 550

User Specified YWalie - Enter “vale

ReRrerce ; Subomaic S psriier 5y Tem s Hanahook, & Solion Natiorsy Fine Paotedion
Aszociation Qudvy, Meschestts 8§08, Page &7,
*Hate: The achual ternpersture raing shodld be used whenthe value iz avalable.
ESTIMATING SFRIMKLER RESFOMSE TIME
ReRrerce | NEFE Al Frogection Hobook, 07 Sation 2003 Page 340,
T = CRT W 00n (T - TOT - T
Wihere  tososs = sprinkler acivaion response ime (Fec)
RTl= sprirkler msponss time index (m-s2c)
U2 = ceiing jet webodty(misec)
T.o = cadling jat temperature (°C)
T.= ambient airtemperature (T
Twsvars = activaion temperature of sprinkier [°C)

CailingJet Temperature Caleulation
Te-Ta= 162000 H
Te-To=5H (04 H
Mihiere T« = cadling jat temperature (°C)
T.= ambient air temperature (T
0. = corectwe portion of the hea release Ete (0
H = hizighit of cedling abowe top of f1el ()
r= radial disance fmom the plume centerine to the sprinkler (m)

forrH=0.18
forrH »0.18
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Corvwective Hedt Relezse Rate CA culation
Q.=%.0
M here L = convectve porion of the he at releas e rate (i)

0= heat release rate of the fire (k0
3. = convective heat release rate fradion

Q.= 7T KW

R=did Distance to Ceiling Height R=io Calcddion

H= 108 wH = 0.15

To- To= {538 (Qorr2ZlH

T.-T.= Az

Tu= 105382 (°C)

Ceiling )& vH ocity Calculation

U =086 (M) far tH = 0,15
u.=[04950 H ¥ for rH =015

M here u: = ceiling jet welocity (mes ec)

0= heat release rate of the fire Jdnn
H = height of ceiling above top of fuel (m)
r=radial distance from the plume centerline to thesprinklar (m)

R=did Distance to Ceiling Height R=io Calcdion

H= 109 wH = 0.15
= (0,195 0,3 HM 20raiG
= 1252 mésec

Sprinkler Activation Tire Calculion

tecnann = CRTH T (N (T - T T - Tacraadl)
tacswason = 02E1 sec
[rhe sprinder will respord in spprosirmately

HOTE: Ift, 4,040, = "HUM” Sprinkler does not activate

NOTE

The abowe calculations are based on principles developed in the HFPA Fire Protedion Handbook
19 Edition, 2003. Calculations are based on certain assumptions and hawe inherent limitations.
The results of such calculations may or may not have reasonable predicive capabilfies for a given
=ituation, and =hould onby be interpreted by an informed user.

Although each calcolation in the spreadshest has been werifie d with the results of hand calculation,

there is no absolute guar antee of the accuracy of these calculations.
Any questions, comments, concerns, and suggestions, or to repart an erron’=) in the spreadshe et

please zend an em ail o red@nre. gow or mes3Ennc.g o,

-_?"':
&
- i
£3, Zid
'ﬁil’ - -'-
T :
% o
B e 3 F
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(g) FDT®: 13_Compartment_Flashover_Calculations.xls (Flashover-HRR)

CHAPTER 13. PREDICTING COMPARTMENT FLASHOVER HEAT RELEASE RATE
wersion 1805.0

The tollbwhg caken latons extnak the mimam beat i Baze @ rouled to compartm e it fashouer.

Parama®re In YELLO'WZELLS are Entered by the User.

Parame®re In G REEN CELLS ars Automateally Sslscted from e DROP DIOAWH MENU for e Material Selscted.
Allsnbgequentortprtvalmes are caken lated by the spreads kee tavd bazed on vale s specified b the prt

parame® . Thk ipeadiieetE protweced and secim ©avokl ermors dee © awrong & ity I a ce g,
The chapte riv the NUREG shonkl 2 gadb=tor ararakik E made.

INPUT PARAMETERS

T e
COMPARTRMENT INF2ERATION

Companm ent Wk w0 20.00n GO m
Compant et L igth (13 15.00n 45 m
Companm ent Helg bt 10.00n I4Em
e n W KL W) Ladn 1219 m
ventHe kbt b E.00m 123m
e rbrLin g Tk e s & 12.00In 0I04E m
I rbr Lin ke The mal Cordnctly ) 000 16]EWm-k

Calculge

HEFMAL FROF ERTIES DATA

- The malCondactiy |Select Material
bk Vm -k E B
Alum leam e 0206 Scroll & desired maknal then Click on sslsc ion
See |0 S% Cabon 0054
ConcreE 0.0016
Brick 00003
Glazs Plak 000076
Brick Concrte Bk 0073
Gypsam Boarl 000017
Plywood 001z
Frerledvlation Boanl 000053
b phoand 000013
serakd Concrek 000026
Plaze maard 000016
Cabhm Sllicak Board (000013
Al lva Slcat Bk (000014
Glazs Fher isnlatoy  |0000037
Eipe niki Pokityrere (0000034
Uge 1S chtkd Va Enervahg

Reereree : Hofe . Frincpie s of Smoke Maregement, 2005 Pape 270
FREDICTING FLASHOYER HEAT RELEASE RATE

METHOD OF McCAFFREY, GUINTIERE, AND HARKLEROAD [MQH)
Peerere : SEEE Hanchook of A Fromction Snpneadng 37 Sabie 2002 Srpe 38

G G100 & AL LD
Wie g Gro=heatrwkare At wezssarg forashaver kW
b= etective beattans®rcoe meEetdWm -1
A= total area oTthe com parm evteschslig snmace botdarks exciidbg area of ve rtop i ligs i
A= areaotue tlaton ope g dny
b= hekhtotve stiaton ops ¥ g o

Heat Trans®r Costelant Caleulaton
b=k AssumIng thatcompartmentha s besn heatd Toroughly betors Aashover, Le, t= t.
Wie g b= etecte heattrans g rooe Mok et Wim -1

o= Ieterior Mulne the mnoal codneth by dnm -1
G T Inieg B Ekiess o
b= 0.003 EWin 4
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Area of Ventlatlon Spening Zaleulation

Am=ng g

Whe e A o=areaotve ntaton ope wlvg dns
W = ue it wklth i
b= veithekhtan

A= 223 m

Area of Compartm ent Enclosing Surfacs Boundaras
A= RWCE L+ 200 WO 200 L] - A,
Whe re Ap=tflarea ofthe companme it vclos g s1mace bonedarks excad g ara of e itope alicg d
W, = compartme it wkith i
= comparm ait Brgt
b= com parn ent ke kit an
A= areaorve rlllation ope g dn )
Ap= 118,54 m

Minim um Heat Fsleass Fate Tor Fla shover
Dro=G100 i S A, My

[Ee= 83537 bW

METHOD OF BEABRALSKAS
Rk rerye | 2 FFS R of Fre Fuotedion Sngineensng, 3 Blilon, 3002, Page 3184,

Qro=T30 8, W)

Whe e Oeo= heatie kase 1Ak veczalny tor Mashove 1 kWD
B=areaotye rtllation ope g dn )
b= ke kpitotuentiation ope ke

RMinimum Heat Feleass Rate Tor Flashover
Qro=TI0 A, M)

ENE 226144 KW

FMETHOD OF THOMAS
Rekrere : SRS Sammbook of Sre Sobedion Snplnessdng, 3 Blllon 3002, Fage 3184,

CoemTEA+FTEA WL

Whe e Cro=heatm kase @k veceaiany tor taskove r ki
A =thalarca of the comparme stesckhshg svmace bovedarks exciid g ara ofvestope shicg )
Ao=areaorve nHlation ope ey dns
b= ke ghtotventaton ope s g

Minimum Heat Feleass Rats Tor Fla shover

Dre=TH A +38A, Mk

I-'J o= 06441 bW
Surnmal R -
ATe A non Memod i EE L A
METHZ LG F MGH Gi6
1261
2064

The aboue cakcnlatons ae baged on privcip ks developed I e SFPE Hawdbook of Flre
PrREctin Exglieering, 37 Edbion, 2002,

Caknbtion: ar based o cEal assamptons avd kave ke atimators. The ik
atenzch caknbBtons may or may eothave reazonabk pedicte capabiite s Bra gles
statkon, avd shonkl ol be |I'EI'|JI'?E(| Iy an Wwfom el nger.

Arhongh each cacnlaton v the spreacdshes thas Een verie o wkh the sk of band
cakenlatbn, tere k£ w0 aoht: grarartee otte aconracy ot these caknhtions.

Ay c|les1:b|s.mmme W, concE mE, and sumesmns. ar 1o I'9|:Il2ll'tal BTONE: b The
spreadibeets, pkase send anemallt v Ky IcOow orma 3 cgou.

& o
..,;fx‘x}' 5‘%_

205
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Problem J-17
Problem Statement

Consider a triangular corner compartment (as shown in the figure) in a boiling water reactor (BWR).
The compartment is 4.6 m (15.0 ft) high with 0.3048 m (12.0 in) thick concrete walls, floor, and
ceiling and with a door that is 2.15 m (7.0 ft) wide x 3.0 m (10.0 ft) high (w, x h,).

I

HPCI
Turblne

20

e

Problem 17: Pool Fire Scenario in a Triangular compartment

A fire scenario arises from a spill of lube oil from the high-pressure coolantinjection (HPCI) turbine.
Assume that 113.5 liters (30.0 gallons) of lube oil spills in a 1.12 m? (12.0 ft*) oil retention dike. The
lube oil spreads and reaches steady burning almostinstantly. Two unprotected safety-related cable
trays are located 3.0 m (10.0 ft) above the HPCI turbine. Determine whether there is a credible fire
hazard to the unprotected safety-related cable trays.

Evaluate the hazard of the fire scenario using the following parameters:
(a) pool fire HRR, Q , flame height, z, and burning duration, t,
(b) compartment hot gas layer temperature, T, as well as gas layer height z

Solution

Purpose:

(1) Determine if the given fire scenario could represent a hazard for the safety-related cable
trays.

Solution Approach:

The solution of this problem is very similar to the previous problem, but in this case we do
not have or we are not considering any heat radiation and fire suppression system. First,
we are going to calculate the heat release rate, flame height, and the burning duration of
the pool fire (see Chapter 3) in order to determine the fire source characteristics. Notice
that although the compartment is triangular, we are not going to consider a corner fire. It
is reasonable to assume that the HPCI turbine is at a large distance away from the walls.
Also, we will determine the hot gas layer temperature and the gas layer height (see Chapter 2).
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Once we get all these values, we have to use them to estimate the hazard of the fire
scenario.

Assumptions:

(1) There is instantaneous and complete involvement of the liquid in the pool fire.

(2) The pool fire is burning in the open.

(3) The pool is circular or nearly circular.

(4) The fire is located away from the walls.

(5) The ambient (or initial condition of the air) is at 25 °C (77 °F)

(6) The bottom of the oil retention dike is at ground level.

(7) The distance from the top of the fuel package (oil pool) to the ceiling is 15 ft, the pool
height or oil layer thickness is negligible compared with the height of the ceiling.

Spreadsheet (FDT®) Solution Procedure:

Use the following FDT*:

(a) 03_HRR_Flame_Height_Burning_Duration_Calculations.xls
(b) 02.1_Temperature_NV.xls

FDT?® Input Parameters:
Enter the following parameters in the spreadsheets (values only):
(a) 03_HRR_Flame_Height Burning_Duration_Calculations.xls

- Fuel spill volume (V) = 30 gallons
- Fuel Spill Area or Dike Area (A,,,) = 12 ft°
- Select Fuel Type: select Lube Oil from the combo box

Note: When Lube Oil is selected, its properties are automatically selected from the
table and entered in the corresponding input cells.

Results*
Heat Release Rate Burning Pool Fire Flame Height
Q kW (Btu/sec) Duration He m (ft)
(t,) (min)
1,131 (1,072) 33 min Method of Method of
Heskestad Thomas
2.7 (8.9) 3.0 (9.7)

*spreadsheet calculations attached at the end of the problem
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(b) 02.1_Temperature_NV .xls
Equivalent Compartment:
The FDT® for hot gas layer temperature and flame height are designed for a
quadrilateral compartment. Since the compartment is triangular, we have to
calculate an equivalent square compartment in order to use the FDT".
 Triangular Compartment Surface Area:
SA= ("2 x (base) x (width)) + (A a1 + A waisz T A waiss)
SA= (Y2 x 20 x 20) + ((20 x 15) + (30 x 15) + (20 x 15)) = 1450 ft?
(1 Equivalent Rectangular Compartment with Same Height:
SA= Area Floor + Area Ceiling + Area Walls
SA=(LxW)+ (LxW)+2(Lx15)+2(W x 15)
since equivalentL =W
SA= (L?) + (L?) + 4(L x 15)
1450 =2L°+60L => L=158ft=W

Input Parameters:
- Compartment Width (w,) = 15.8 ft
- Compartment Length (I.) = 15.8 ft
- Compartment Height (h_) = 15 ft
- Vent Width (w,) = 7 ft
- Vent Height (h,) = 10 ft
- Top of Vent from Floor (V;) = 10 ft
- Interior Lining Thickness (0) = 12 in
- Select Material: select Concrete from the combo box

- Fire Heat Release Rate (QJ| = 1,131 kW

c

Note: When Concrete is selected, its thermal properties are automatically
selected from the table and entered in the corresponding input cells.

Results*
Time (min) Hot Gas Layer Temperature Gas Layer Height
T4 °C (°F) z m (ft)

0 25 (77) 4.57 (15)

1 134 (273) 3.05 (10) venting
2 147 (297) 3.05 (10) venting
3 156 (312) 3.05 (10) venting
4 162 (324) 3.05 (10) venting
5 167 (333) 3.05 (10) venting
10 185 (364) 3.05 (10) venting
15 196 (385) 3.05 (10) venting
20 204 (400) 3.05 (10) venting

*spreadsheet calculations attached at the end of the problem
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Conclusions

We can note that the fire power (HRR) and the pool fire flame height values are similar to the
previous problem. The reason for this similarity is because the correlations to determine the HRR
and flame height are based on the type of fuel and the dike area (or dike diameter), and in this
problem we are dealing with a pool fire similar to problem 16. The amount of combustible in the
pool (volume) will determine the duration of the pool fire, that is, the burning time. Thus, we
obtained a different burning time value because we have more fuel volume.

As problem 16, we have a high intensity fire with a flame height that probably will impinge upon the
cable trays. Also, the hot gas layer temperature analysis predicts that the temperature of the gases
will reach the failure temperature for thermoplastic cables (T = 425 °F) approximately at 2 minutes
after ignition and the compartment will be full with smoke at this time too. If there is no intervention
of any suppression system during the 33 minutes of flame exposure, there is no doubt that there
is a credible hazard for the safety related cables.
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Spreadsheets Calculations
(a) FDT®: 03_HRR_Flame_Height_Burning_ Duration_Calculations.xls

CHAPTER 2. ESTIMATING EURNING CHARACTERISTICS OF LIQUID POOL FIRE,

HEAT RELEASE RATE, BURNING DURATION, AND FLAME HEIGHT

Werslon 1805.0

Tree follovalrg cd adalans &5 ke e el e leare rake , bomirg dueralon, ard 1ane Pedghl for B d pool dre.
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ESTIMATING POOL FIRE HEAT RELEASE RATE

Fegreyce  SFFEHadboo ofFle Ao ecion Sigieaning | 37 Bdkby, 2002, Fage 325,

Q=m4H. ,{1-e 1A
M here 0= poal fire heat release rate Jans
'= mass burning rate of fuel per unitsuface area (kg'm -z ec)
AH. .= effective heat of combustion of fuel (kdiog)
A= fees=surface area of pool fire (area invohred inwvaporization) (m
kfi = empirical corstant (m
[ = diameter of pool fire (diameter invohred in waporization, circular pool s assumed) (m)

Fodd Fire Diamaer Cacalaion

P = T i
' hare Ay =surface area of poal fire (m)
[ = poal fire diamter (m)

[ = il b 70

L= 1.194 m

He=a Rde=mse Rae Calculation (LEmkE with Blatbe ks bbh sk polit, ke ranstmer oll, manle
Q=maH. . (1-a " 1A koaked keathg o ackk i ko
[l== 1131.33 Ky 107234 Btussec

ESTIMATING POOL FIRE BURHING DURATICON

Rekreics  SFPERanchook of Fle Poecion Sighearing 20 Editb, 1995, Pacg 3197,

t=dSinl e

W here t. = burning dur ation of pool fine (5ec)
W= wolume of liquid (m )
[ = poal diameter (m)
W =regression rate (misec)

Calcdaion for Regression Rate
W= m'ip
i here W =regression rate (misec)
m" = mass burning rate of fuel (kg'm -sec)

P = liquid fuel dersiy (ka'm
u= 0000051 mis ec

Burning Ourstion Calcd &ion
t.= D v

[t-= 196505 sec 3308 mirtes um

N thata Ikl pool The with a gle s amoatotte [can bar for beg pe rbos of tne cuersmallagaoror
Shortperbok of tne Guera lEg aka.

ESTIMATING POOL FIRE FLAME HEIGHT
METHOD OF HESKESTAD

Fekec: | SFPEHadbhoow o Fle Ao ecion Snglesriag , 2 Editbe, 1925, Pagg Z-10.

H=02350 -1020
W here H, = poalfire flame height {m)

0= poal fire heat rele ase rate onm
[ = poaol fire diameter (m)

Fod Fire Flame Height Calculation
H=02360 -1.020

H.= 270 m 5.5 #
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METHOD OF THOMAS
Rererce: SERS Hamboot of She Sotection Snghestg, 2 Blllon, 1995, Page 3204

Hi= 42 O im™'p 0 i D0
Wiemr H = poolTh Thme ke kit i’
m =maiibnming @e otme lperopkainmce area &oim -5ec
o= ambkytalrce ity -]‘:El.‘ﬂ'l ]
O = pool A diame®rins
i = gratatoralacce k Atk dn e

Pool Are Ram & Helght Caleulation
Hom 42 0 am~'p,uig OO

[H:= 135 m ST 1

Caleulation Mathod Aam & Halght [t}

||'.'| ETHOD OF HES KESTAD 845

M ETHOD OF THO MAS 367

ESTIMATING POOL FIRE RESULT S FOR RANDOM SIZE SPILLS USING INFUT PARAMETER S

arga (1) arsa (m ) |Ciam ster im QW) tieec ) H, (T (He shastad § H, (Tt [ Tham as §

1 .09 0.34 3428 13820 64 360 L08
2 0.13 0.4% 185,56 11310.52 464 518
3 0.28 0.60 152,34 7340.21 597
4 0.37 0.6% EEGRRE] 595516 660
5 0.48 0.77 4Tt e 1
8 056 0.54 585,69 397011 760
7 065 0.41 §59.97 3402.95 8.0z
@ 074 0.57 75425 2977.58 £.40
3 054 103 845,53 246,74 875
1 053 .03 342,82 352,06 8.07
" 102 114 1037.10 2165.51 3.38
12 111 Rt 13138 198505 a.67
3 121 124 1225 86 153236 5.54
14 1.30 1.2 131594 70147 10.20
5 1.3 .33 141422 15585.04 10.43
20 156 154 1885 63 19103 1155
23 232 172 235704 85283 12.48
50 455 143 471408 4rea 1587
73 647 .38 FOT 12 LR 15.28
100 323 3.44 342617 236,21 20.20

carton: The pupose ot thls ravdom splls 2 chartk D akl e veer i evalathy the
bazad ot random sEed spli. P Raze 1ok tatthe cakrlaton dos witke o acont
the v bcosty orvolatiby ofthe Ik, orthe absomptl by otthe s aface. The riks
gereraed bramallvom e spls ouer lang aras shotklbe wed whh exteme cantion.

The axue cabalatbng are base don pricipkes devekped v the SFPE Handsook of Fle
Pk ctbon Encihes rhg, 2ad Bion, 1963,

CakEtons AR based o certal Az ampton s aed kave ke Bt imietons. The Rl
atsach cakalatons may ormay iwthave raoiabk predictve capabltes Bra ghe
satn, andshonklonly = WEPE Ry an Womed v

AR ok each cabalatbon v te spreack ke ethag bee v ve e with the esate of b and
caknlaton, te B B roaEo NE grames ofthe acciracy of these caken laton s,

Ary questons, comm e vk, oo hce nE, A 0 g, or B eport an e mong) I te
spreacks ieets, pease e v an emalto w WD 900 O 1M 630 B 9o,
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(b) FDT®: 02.1_Temperature_NV .xls

CHAPTER 2. PREDICTIHG HOT GAS LAYER TEMPERATURE AHD SMOKE
LAYER HEIGHT IH A ROOMFIRE WITH HATURAL VEHTILATIOHN
COMPARTMEHNT WITH THERMALLY THICK THIH BOUHDARIE S

wersion 18050

The Folowi cakny btons estinate the bot gas Byer Bmperatare and smoke Ever e Ot b encine e,
Parama®rs In VELLCW ZELLS are Bntersd Ly the User.

Paramea®rsIn GREEN CELLS ars Automatically Selec®d Tom e DROP DOWAH MENU Borihe Material Salec g d.

Allzabzecpentovprivales ae cakcnlae dly e spreak bes tand base doy vales sp=crecl v e hprt
pammet B, ThE Spralibeet b pookced andse g Davokle rog O ©a wiondg e iy ea ez 1E,
The chapk rinthe NUREG shont b eadbetor an anakik & mak .

IHPUT PARAMETE RS

T —— e r————
COMPAETMENT INROR MATICH

Com pa tme WLV ) 15.50
Comparme it Lengt (1 I5.50
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e ntWW kEh o T.00
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A TN T —
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IRE SFECIFICATIONS

Fire Heat Release Rate (0 1131.00 kw
Calculate

METHOD OF McCAFFREY, QUINTIERE, AHD HARKLEROAD (MOH)

ReRrence | SFPE Hanchook of Fie Probe dion Sngineeriyy 3 Bl lon, 2002, Page 3175,

4T, = 6.85 [0 A 0k
ihere 4T, = T.-T.=upper layer gas temperature rize abowe ambisnt (K
0 = heat release rate ofthe fire 7
A= area of wentilation opening (m)
h. = height of wertilation opening (m)
he = conective heat transer coeficient fondm -k
Ay =total area ofthe compartment enclesing surface boundaries excluding area of went openings (m)

frea of Verntil ation Opening Calculation

A= (..

here A, = area of wentilation opening (m)
w .= wvent width ()
h. = went height (ml

A= E.a0 m

Themnal Penetration Tirne Calculation
.= (P M) (52
ihere t. =thermal penetration time (=e2c)
p = interior construction d ensty aafm )
G = interor construdtion heat capacity (othg- k)
k = interor construction themal conductity oiiime- K)
& = interior construction thickness (m
t.= 2E128.98 sec

Heat Trarsf er Coefficient Caleu ation
b= i ped] fart <t ar 3] fart » 1
ihere h. = heat ransfer coefficient Joim -kl
b = interior constructon themral inertia (oiiim - K) -sac
(3 thermal property of material responsible forthe rate oftemperature nse)
t = time after ignition (zec)
See @ble below for results
frea of Cormpartrnert Enclosing Suface Boundaries
Py= [2twe 2 150+ 20he w0 w4 20he w0 1c)] - A
here A =total area ofthe companment enclosing surface boundares ewmcluding area of went openings im)
W .= comparment width (m)
|- = compartment length (m)
h: = compartment height (m)
A, = area of wertilation opening (m )
A= 12795 m

Compartrnent Hot Gas Laver Ternperature With Natoral viertilstion
AT, = 6.8 [2° /A0 0k

AT, = T:-Ta

T.= LT+ Tu
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Tima &tter lgnldon (11 1. AT, T T, T
{n (58 W - [ i) [as] {"Fi
1] 0.on - - 29500 25.00 rr.an
1 [41] 0.22 108.78 4067 E 13378 ar2El
2 128 0.6 122. 11 410.11 1471 296.73
3 160 013 130.64 4664 135.64 J118
4 240 0.1 157,06 43506 16206 EFENL
3 300 [N 142.25 44025 167 .25 EEENH
10 E00 0.07 159,67 4TET 18467 Jedd1
13 00 0.0& 170,84 46564 135 .54 8450
20 1200 0.03 173.23 4T3 204.23 39961
23 1500 0.04 16602 45402 211.02 41183
30 18010 b.04 191.76 485.76 21E.TE 41218
33 2100 .04 196.75 459473 22175 43114
40 2400 0.0% 20017 43317 22617 435.11
45 FRIT] 0.03 2035, 18 EHENT 23016 446.23
30 3000 0.03 208,80 F06.80 233.80 45283
33 3300 0.03 21214 .14 23714 45883
[31] 3600 i).03F 21524 F13.24 240.24 46443

Hat Gas Layer Tempeature
Naturd “entilation (2 H hiethod))

1] 10 0 1] 40 a0
Time ([mim)

fill
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ESTIMATING SMOKE LAYER HEIGHT
FMETHOD OF “ARMANA AND TANAKA

LT e TR O ) Ty

Whe B Twamoke BEr ekt
@ =heatrekaze rak ofthe Mg &KW
t=the ater kukb Ged
bo=comparme rthekhtim
A= cnmnprarin ey TEor A a dn
k=@ consmutgbe by k= 0.0764p
po= bt gEs laver ok e iy ko
Pl g e by po= 353T,
T = botgar B remperam e (5

Com partment &rea Caleulation

A= Wl

Whe g & =comparmerttborasan
W = coin 53 dme twkith dan
1= coln s dme vt B gt dn

Pe= 313 m

HotiGas Laver Denslty Caleulation
B 35T,

Caleulation for Cons tant K
k= 0 07 &g

Smokis Gas Layver Helght Wi Haral wes nilatlon
z- ke BEA]+ S

Cation! The = moke |ayer height i= 3 conservative estinrde andi=s only
intended to provide an indicgion wherethe hot ga= layer islocged. Cdculded
=miake |ayer height bel overthe went height =re not credit sble since the calculstion
i= nat accourting for the smoke exiting the went.

Tim# » Constantiiy | Smaoke Layer elght | Smaks Layerhelght

i gk A -F) HX B
[ 115 .06 4 457 15.00
1 087 0088 3.03 10,00 CAUTIDH: SMOKE 15 EXITING SUT VENT
2 .54 0030 305 10,00 CAUTKH; SMOKE 15 EXITING OUT VENT
3 052 0052 305 10,00 CAUTIIH: SMOKE 15 EXITING OUT VENT
q 0.1 0054 3.03 10,00 CAUTIDH: SMOKE 15 EXITING SUT VENT
5 050 00935 3.03 10,00 UTKIH: SMOKE 15 EXITING OUT VENT
10 0.7 0.059 3.03 10,00 CAUTIDH: SMOKE 15 EXITING OUT VENT
15 0.3 0101 3.03 10,00 CAUTIIH: SMOKE 15 EXITING OUT VENT
0 .74 0103 3.03 10,00 CAUTIDH: SMOKE 15 EXITING SUT VENT
25 .73 0104 3.05 10,00 CAUTKH: SMOKE 15 EXITING CUT VENT
30 0.2 0105 3.03 10,00 UTKIH: SMSKE 15 EXITING SUT VENT
35 1.1 [NH 3.05 10,00 CAUTKH; SMOKE 15 EXITING OUT VENT
40 .71 0.7 3.03 10,00 CAUTIDH: SMOKE 15 EXITING SUT VENT
45 .70 0108 3.03 10,80 UTKEXH: SMOKE 15 EXITING OUT VENT
50 .70 0108 3.03 10,00 CAUTIDH: SMOKE 15 EXITING SUT VENT
55 .53 [N 305 10,00 CAUTKH; SMOKE 15 EXITING OUT VENT
5o 063 0110 3.05 10,00 CAUTIIH: SMOKE 15 EXITING OUT VENT
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Smoke Layer Height
Matural Wertilation (Method of Yam ana and Tanaka)
15 ]
E 14
'Q 12
10 perees * * + * + + + + +* +
E g
=
5 4
£ 2
0
1] 10 20 30 40 S0
Time [min)

The abowe calculations are based on principles deweloped in the 5F PE Handbook of Fire

Protection Engineering, 3 Edition, 2002

Calculations are based on cer@in assumptions and hawe inherent limitatons. The results of [uch
caleulations may or maynot hawe reasonable predictive cap abiliies for 3 given situation, and should
only be interpreted by aninformed user.

Athough each calcalation in the spreadsheet has been weried withthe results of hand caleulation,
there iz no absolute guarantes ofthe accu@ey ofthese calcubtions.

Aoy question s, comments, concems, and suggestions, orto report an eron’s) in the spreadshest,
please sznd an &mail to o Enne gow.

J-124



Problem J-18

Problem Statement

The operators of Bywater NPP are planning their summer company picnic. A fire scenario arises
from a pile of instant-lighting charcoal briquets. Ten 3.62-kg (8.0-Ib) bags of these briquets have
been stored on the floor of a corridor in the NPP. Assume that a strong ignition source is present

and ignites the charcoal briquets. Compute the heat release rate, Q , flame height, H,, and

burning duration, t,, of pile of charcoal briquets, assuming that the area of the charcoal pile is
0.28 m? (3 ft?).

Additional Information

Charcoal briquets are a combustible material and become more combustible when soaked with
lighter fluid (an accelerant) during the manufacturing process (Ref. 1). The lighter fluid is usually
kerosene or a petroleum distillate (Refs. 2 and 3). No direct burning rate data are available for
instant-lighting charcoal briquets. A breakdown of the combustion data for plain charcoal and
kerosine (Ref. 4) is provided below. Average values can be used as a composition when specific
burning rate data are not available. The density of charcoal is approximately 400 kg/m®.

Combustion Properties of Charcoal and Kerosine

Combustible Material Heat of Combustion Mass Loss Rate
AH, (kJ/kg) m (kg/mz-sec)

Charcoal 31,400 0.01082*

Kerosine 43,300 0.039

Average 37,350 0.02491

* Mass loss rate of charcoal is not available in the literature, mass loss rate of
plain plywood can be used, since charcoal is a derivative of wood.

References

1. Roblee, C.L., “Hazards of Charcoal Briquets,” Fire and Arson Investigator, Volume 33,
No. 3, March 1993.

2. Lincoln, S., “Case in Review: Charcoal Lighter Fluid Used as an Arson Accelerant,
Fire and Arson Investigator, Volume 41, No. 1, September 1991.

3. Wiltshire, L.L., and R.S. Alger, “Carbon Monoxide Production in Charcoal Briquete
Fires,” NOLTR 71-104, Project MAT-03L-00/ZR0O11-01-01, Naval Ordnance
Laboratory, Silver Spring, Maryland, July 7, 1971.

4. SFPE Handbook of Fire Protection Engineering, 2" Edition, 1995.
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Solution

Purpose:

(1) Determine the heatrelease rate, Q, flame height, H,, and burning duration, t,, of the pile
of charcoal briquets for the given fire scenario.

Solution Approach:

To calculate the HRR and flame height, we are going to use the pool fire approach. These
calculations are just fuel type and area dependent; therefore, we are going to model the
area of the charcoal pile as the area of a dike and use the average values of heat of
combustion, mass loss rate and density (values are given in the problem statement). The
burning duration of the pile can be calculated with the learned concepts in Chapter 8 of
NUREG.

Assumptions:

(1) There is instantaneous and complete involvement of the charcoal pile.

(2) The charcoal pile is burning in the open.

(3) The charcoal pile area is circular or nearly circular.

(4) The fire is located away from the walls.

(5) The ambient (or initial condition of the air) is at 25 °C (77 °F)

(6) Combustion is incomplete and takes place entirely within the confines of the
compartment.

Spreadsheet (FDT®) Solution Procedure:
Use the following FDT*:

(a) 03_HRR_Flame_Height Burning_ Duration_Calculations.xls
(b) 08_Burning_Duration_Solid.xls

FDT® Input Parameters:
Enter the following parameters in the spreadsheets (values only):
(a) 03_HRR_Flame_Height_Burning_Duration_Calculations.xls

- Fuel spill volume (V) = 0 gallons
- Fuel Spill Area or Dike Area (A,,,) = 3 ft?

- Mass Burning Rate of Fuel|m"| = 0.02491 kg/m®-sec

- Effective Heat of Combustion of Fuel (AH, ) = 37,350 kJ/kg
- Fuel Density (p) = 400 kg/m*®

- Empirical constant = 100 (since unknown)

Note: For this calculation, use any value of spill volume because the burning time
based on the pool fire calculation is not applicable. We are just going to accept the
HRR and flame height values as reasonable estimates. Mass burning rate, heat of
combustion, and density values are from the given properties in the problem
statement. Select User-Specified Value and enter the values in the proper areas.
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Results*

Pool Fire Flame Height
Heat Release Rate H; m (ft)
i) kW (Btu/sec) Method of Method of
Heskestad Thomas
259 (246) 1.56 (5.13) 1.38 (4.54)

*spreadsheet calculations attached at the end of the problem

(b) 08_Burning_Duration_Solid.xls
HRR per Unit Floor Area:

The HRR per unit of area is defined as ("= AH gt0" . Therefore, from the given

properties in the problem statement we have:

Q"= AH, gm" = 37,350 kJ/kg (0.02491 kg/m?>-sec) = 930 kW/m?

Input Parameters:

- Mass of Solid Fuel (m,,) = 80 Ib
- Exposed Fuel Surface Area (A,,)= 3 ft*

- HRR per Unit Floor Area |Q"| = 930 kW/m?
- Effective Heat of Combustion of Fuel (AH, ) = 37,350 kJ/kg

Note: Select User-Specified Value and enter the inputs.

Results*

Material Burning Duration

tsolid
(min.)

Charcoal briquets 87
*spreadsheet calculations attached at the end of the problem
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Spreadsheet Calculations

(a) FDT®: 03_HRR_Flame_Height_Burning_ Duration_Calculations.xls

CHAPTER 2. ESTIMATING EURNING CHARACTERISTICS OF LIQUID POOL FIRE,

HEAT RELEASE RATE, BURNING DURATION, AND FLAME HEIGHT

Werslon 1805.0
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ESTIMATING FOOL FIRE HEAT RELEASE RATE
ReRrence: SERS Hambont of Fie Swotection Swphwetg, 3 Blllon, 2002, Sxe 26
o= mTEH - T A
e O o= poalthe heatrekase @te KO
me=mars i @ ot e [ ronkinmace ara komsed
AH. o= etecte heatortcombaston of tee LS K
Bim Byo=snrace areaotpoolie @ea oked v vapn rsation)

KE = emplibalconstant i s
O = dlameter of pool Tl qllam eter nvomed v vaporzatos, ciicy larpool B assamedds )

Pool Are Dlametar Caleulaton

B = a0l
Whemr A= onriace area of poalThe n '
0= |le:ll:l| M diame i
O =u (ka0
0= 0538 m
HeatReleass Eats Caloulation el s wl rd alely Pigh dash pdnl, ke e v oll, re quine
o= mTaH e N B lecalbed Fealrg ko aduewe gl o
|-'J= 25931 W 4578 Bhulvee

ESTIMATIMNG POOL FIRE BURMING DURATION
PeRrence: SEFS Hambod. of Fie Sotection Sghwetg, 2 Blllon, 1995, Pag F1.
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Wher to=barbg cvator efpoolfie §ech
Vo= uoime ot KK dn

O = pool diame 1)
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Caleulaton for Regre selon Rate
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ESTIMATING FOOL FIRE FLAME HEIGHT
METHOD OF HESKESTAD

H=02330" -10D
Wie g H = ool i fame be bit 6

Q= ool e keat g kaie ae KW
O =pooithe diameter qm

Pool Ars Rams Heloht Cal culation
H=0Z350" -102D

[H= 156 m INERD

FMETHOD OF THOMAS

H= 420 in™p ud 00
Wihe g H = poodfire flame ke bt g
M= mars barelve rae of melpe rotton ras aea dam -gec
po=ambbkstalrders by kgdn
O =pooIthe cdiameter in
o= grav tatonalacce b @ton dngec

Fool Are Aame Haloht Caleulation
Hi= 420 iin™'po v &) O

||H = 1.36 m 454 1

Flame Helght Caleulation - Summary af Re sulty

caleulation Method Aame Halghtitty

METHOOOF HESKES TAD 5.3

METHOD OF THOMAS 4.54

ESTINMATING POOL FIRE RESULTS FOR RANDORSIZE SPILLS USING INPUT PARAMETERS
Area (1) Arga (m-) Clam eter jm § W toisai) H. (tti{Ha s ke stad | H, (th{Thoma 8}
1 0.03 0.34 G644 0o i LA ]
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T3 [ 2.98 48263 0o 15.84
100 5.23 344 B 43.55 0.ai I7 .45
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Caution: The purpose ofthis random zpill size chartis to aid the userin evaluating the
hazard of randomsized spilk. Please note that the caleulation doe nottaoe into account
the wis cos ity or wolatility of the liquid, or the absorptivity of the suface. The results
generated for smallvolume spilk ower large areas should be used with extrem e caution.

NOTE

The abowe caleulations are based on pinciples deweloped inthe 5FPE Handbook of Fie
Protection BEngineering, 2nd Edition, 1995,

Calcuations are based on certan assumptions and hawve inherent imtations. The results
of such caleulations may or maynot hawe reasonable predictive capabiliies fr a given
situation, and should onlybe interpreted by an inormed user,

Athough each calculation i the spreadshest has been werifed with the results of hand
cadculaion,there is no abaolute quarantee ofthe acuracy of these caleuations .
FAryquestions, comments, concems, and suggestions, of to ,eport an emons]in the
spreadshests, pkease s2nd an amail to nod (@00 gow or mees 3 [Enes gow,
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(b) FDT®: 08_Burning_Duration_Solid.xls

CHAPTER 8. ESTIMATING BURHING DURATION OF SOLD COMBUSTIBLES
‘ersion 180310
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Larnleg rak wkh agies surkce ag a.
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BURNING DURATION OF SDLID COMBUSTIBLES

Rek B ace ;Suchanan, A H, “Siwctiel Dasign br Fle Same " 2001, Page 38
The burning dur ation of 3 solid fuel ¢an be caleulated if the total energy contained in the fuel and HRR are known.
The burning dur ation = given by

0 = E § o

or

troa = (E1 LR Apel)

W here t:oad = burning duration of solid combustible (sec)

E = mrw &He= total energy contained in the fusl (k)
0 = heat releare rate of fire (ki
Q"= heatrelease rate per unit floar area of fuel (k'l.l'l.l'."m:j
P = exposed floor area (length = width) of fuel(m"J
tocd = (Mket AHS S (D" S
W here Meud = Mmass of solid fueldog)
AH. = fuel effective heat of combustion (kd k)
tootd = (Micas AHC (D" Aoca)
[t cona = 522892 sec 27.15 minutes

NOTE

The abowve calculatiors are based on principles developed inthe Structural Dresign for Fire 5 afety, 2001,
Calzulations are bas ed on certain assumptions and hawve inherent limitations.

The results of such caleulations may or may not have reasonable predictive capabilties for a given
zituation, and should only be interpreted by an informed user.

Although each calculation inthe spreadshest has been verified with the results of hand calculation,
there i no absolute quarantee of the accuracy of these caloulations.

Arny questions, comments, concerns, and suggestions, or to report an error(s) in the = preadsheet,
please=send an email to nxi@nrc.gow or me:s3 @, gow,
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Additional Problems

1. Consider a pool fire caused by a 38.0 liters (10 gallons) spill of flammable liquid (kerosine oil)
in a 0.55-m? (6.0-ft?) dike area in a compartment with a concrete floor. The kerosine oil is
ignited and spreads rapidly over the surface, reaching steady burning almost instantly.
Compute the HRR, burning duration, and flame height of the pool fire. The dimensions of the
compartment are 6.0 m wide x 6.0 m long x 3.7 m high (20.0 ft wide x 20.0 ft long x 12.0 ft high).
Two cable trays are located above the pool fire at heights of 2.15 m (7.0 ft) and 3.0 m (10.0 ft),
respectively. Determine whether flame will impinge upon the cable trays. Assume
instantaneous, complete involvement of the liquid pool with no fire growth and no intervention
by the plant fire department or automatic suppression systems.

2. Assume that heptane from a tank spills on a concrete floor forming a 113.0 m? (1261.0 ft?) pool,
the distance from the center of the pool fire to the target edge is 30.0 m (98.0 ft). Calculate the
radiative heat flux of the flame at ground level with no wind using—

(a) Point Source Model
(c) Solid Flame Radiation Model

3. A trash fire with an HRR i} Iof 1,500 kW occurs in an NPP backup power battery room

protected with the fixed temperature heat detectors with an RTl of 165 (m-sec)"?. Calculate the
activation time for the detectors, using listed spacing of 3.05 m (20.0 ft) with a ceiling height of
4.60 m (15 ft). Assume thatthe detectors have an activation temperature of 57 °C (135 °F) and
the ambient temperature is 25 °C (77 °F).

4. A fire scenario arises from the failure of a 4,160V switchgear in a cable spreading room.
A stack of safety-related cable (IEEE-383 non-qualified PE/PVC) is located 4.6 m (15.0 ft)
horizontally from the 4,160V breaker. Assume that the breaker fire produces a maximum flame
heat flux 50 kW/m? and the surface of the cable trays initially at 25 °C (77 °F). Calculate the
ignition time (t,,) of IEEE-383 non-qualified PE/PVC cables.

5. A poolfire scenario arises from a rupture in an oil-filled transformer. This event allows the fuel
contents of the transformer to spill along a wall with an area of 1.4 m? (15 ft?). A safety-related
cable tray is located 5.5 m (18 ft) above the pool fire. Calculate the wall flame height (H.;)
of the fire, and determine whether flame will impinge upon the cable tray.

6. A fire scenario arises from a rupture in the housing of an auxiliary lube oil pump. This event
allows the fuel contents of the pump to spill along a wall with an area of 0.75 m? (8.0 ft*). A
cable tray is located 3.0 m (10.0 ft) above the fire. Calculate the flame height of the line fire
(H¢wan iney), @nd determine whether the flame will impinge upon the cable tray.

7. A fire scenario arises from a rupture in an oil-filled transformer in a facility. This event allows
the fuel contents of the transformer to spill along the corners of walls with an area of 0.55 m?
(6.0 ft?). A cable tray is located 5.5 m (18 ft) above the fire. Calculate the corner fire flame
height (H ), and determine whether flame will impinge upon the cable tray.

f(corner

J-134



8.

10.

11.

12.

13.

Consider a compartment thatis 9.0 m wide x 9.0 m long x 3.7 m high (30.0 ft wide x 30.0 ft long
x 12.0 ft high) (w, x I, x h.) with a door vent that is 0.91 m (3.0 ft) wide x 2.15 m (7.0 ft) high

(w, x h,). The fire is constant with an HRR 'Q' of 1,500 kW. Compute the hot gas temperature

(Ty) in the compartment as well as smoke layer height (z) at 5 minutes after ignition, assuming
that the compartment boundaries are made of 2.54 cm (1.0 in) thick gypsum board.

Consider a compartment thatis 12.2 m wide x 12.2 m long x 3.0 m high (40.0 ft wide x 40.0 ft
long x 10.0 ft high) (w, x I, x h,) with a door vent that is (4.0 ft) wide x (8.0 ft) high (w, x h,).

The fire is constant with an HRR'QI of 2,000 kW. Compute the hot gas temperature (T,) in the

compartment as well as smoke layer height (z) at 3 minutes after ignition, assuming that the
compartment boundaries are made of 0.3048 (12.0 in) thick concrete.

Consider a compartment thatis 15.25 m wide x 12.2 m long x 3.7 m high (50.0 ft wide x 40.0
ftlong x 12.0 ft high) (w, x I, x h,) with a forced ventilation rate of 1,500 cfm. Calculate the hot

gas layer temperature (T ) in the compartment for a fire size 12) of 1,800 kW at 5 minutes after

ignition, assuming that the compartment boundaries are made of 2.54 cm (1.0 in) thick gypsum
board.

Consider a compartment thatis 13.7 m wide x 15.25 m long x 3.35 m high (45.0 ft wide x 50.0
ftlong x 11.0 ft high) (w, x I, x h,) with a forced ventilation rate of 1,800 cfm. Calculate the hot

gas layer temperature (T,) in the compartment for a fire size 'Q l'of 2,200 kW at 8 minutes after
ignition, assuming compartment boundaries are made of 0.245 m (10.0 in) thick concrete.

Consider a pool fire caused by a 30.30liters (8.0 gallons) spill of flammable liquid (lube oil) in
0.38 m? (4.0 t?) dike area in a compartment with a finished concrete floor. The lube oil is ignited
and spreads rapidly over the surface reaching steady burning almost instantly. Compute the
HRR, burning duration, and flame height of the pool fire. The dimensions of the compartment
are 4.9 m wide x 3.7 m long x 3.0 m high (16.0 ft wide x 12.0 ft long x 10.0 ft high). Two cable
trays are located above the pool fire at heights of 1.8 m (6.0 ft) and 2.5 m (8.0 ft), respectively.
Determine whether flame will impinge upon the cable trays. Assume instantaneous, complete
involvement of the liquid pool with no fire growth and no intervention by the plant fire
department or automatic suppression systems.

A 75.7-liter (20.0-gallon) trash bag (transient) exposure fire source is located 2.5 m (8.0 ft)
beneath a horizontal cable tray. Assumed that the trash fire ignites an area of approximately
0.92 m?(10.0 ft?) of the cable tray, and the cables in the tray are Id PE. Compute the full-scale

HRR of Id PE cable insulation. The bench-scale HRR IQ; I of the Id PE type cable material is
1,071 kW/m?Z.
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14.

15.

16.

17.

18.

19.

20.

21.

Assume that heptane from a tank spills on a concrete floor, forming a 0.92 m?(10.0 ft*) pool and
exposing a safety-related electrical cabinet in a corridor. The distance from the center of the
pool fire to the target (cabinet) edge is 3.7 m (12.0 ft). Calculate the radiative heat flux of the
flame to the electrical cabinet with no wind using—

(a) Point Source Model

(b) Solid Flame Radiation Model

Estimate the maximum plume temperature (T quenine)) @t the ceiling of a 4.6-m (15.0-ft) high
room above a 1,500-kW fire involving a 1%-ft high stack of wood pallets in a 0.92-m? (10.0-ft?)
pallet area. Assume that the ambient temperature is 25 °C (77 °F).

A fire with Q = 3,000 kW occurs in a makeup pump room protected with a wet pipe sprinkler

system. Fire sprinklers are rated at 74 °C (165 °F) [standard response bulb with RTI 235
(m-sec)”] and are located 3.0 m (10.0 ft) on the center. The compartment ceiling is 5.5 m
(18.0 ft) high. Determine whether the sprinklers would activate, and if so how long it would take
for them to activate.

A fire scenario may arise from failure of a vital 480V AC breaker in a switchgear room. A stack
of safety-related cable (IEEE-383 non-qualified PE/PVC) is located 3.0 m (10.0 ft) horizontally
from the 480V AC breaker. Assumed thatthe vital breaker fire produces a maximum flame heat
flux of 30 kW/m? and the surface of the cable trays is initially at 25 °C (77 °F). Calculate the
ignition time (t,,) of IEEE-383 non-qualified PE/PVC cables.

A pool fire scenario arises from a rupture in an oil-filled transformer containing (5 gallons) lube
oil. This event allows the fuel contents of the transformer to spill along a wall with an area of
1.4 m? (15.0 ft?). A safety-related cable tray is located 4.6 m (15.0 ft) above the pool fire.
Calculate the wall flame height of the fire, and determine whether flame will impinge upon the
cable tray.

A fire scenario arises from a rupture in the housing of a makeup pump containing 30.3 liters
(8 gallons) lube oil. This event allows the fuel contents of the pump to spill along a wall with an
area of 0.75 m? (8.0 ft?). A cable tray is located 3.7 m (12.0 ft) above the fire. Calculate the
flame height of the line fire, and determine whether flame will impinge upon the cable tray.

A fire scenario arises from a rupture in an oil-filled transformer in a facility containing (6 gallons)
lube oil. This event allows the fuel contents of the transformer to spill along the corners of the
walls with an area of 0.55 m? (6 ft?). A cable tray is located 4.3 m (14.0 ft) above the fire.
Calculate the corner fire flame height, and determine whether flame will impinge on the cable
tray.

Calculate the HRR necessary for flashover Q! in a compartment thatis 5.5 m wide x 6.0 m

long x 3.7 m high (18.0 ft wide x 20.0 ft long x 12.0 ft high) (w, x I, x h_), with an opening that
is 0.60 m (2.0 ft) wide x 1.83 m (6.0 ft) high (w, x h,). Assume that the boundary material is
concrete and the door is open.
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22

23.

24.

25.

26.

. Calculate the HRR necessary for flashover lQm' in a cable spreading room (CSR) that is

15.3 m wide x 24.4 m long x 6.0 m high (50.0 ft wide x 80.0 ft long x 20.0 ft high) (w, x I, x h,)
with a door opening 1.2 m (4.0 ft) wide x 3.0 m (10.0 ft) high (w, x h,). The compartment
boundaries are made of concrete and the door is open.

Consider a compartment in a facility pump room that is 3.0 m wide x 2.7 m long x 2.5 m high
(10.0 ft wide x 9.0 ft long x 8.0 ft high) (w, x I x h.). A fire starts with a constant effect of 75 kW.
Estimate the pressure increase attributable to the expansion of hot fire gases after 15 seconds,
assuming that the door is closed.

The licensee used UL Design No. 816 to protect a number of unrestrained beams. The
licensee’s quality assurance (QA) program verified that there is 6.35 cm (2% in) thickness of
fire protection insulation on all of the beams. The size of the tested beam was W12 x 26.
Determine whether the 6.35 cm (2% in) thickness of fire protection insulation is acceptable for
a beam thatis W8 x 13.

A hydrogen line leaks 1 Ib. of hydrogen in a turbine building. What is the worst case pressure
increase, blast wave, and TNT equivalent.

A compartment thatis 15.25 m wide x 15.25 m long x 3.7 m high (50 ft wide x 50 ft long x 12 ft
high) has a hydrogen leak. What is the volume of gas needed for a deflagration.
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Note: This is a brief index to quickly assist the user of this document.
For a more thorough search, use the Search feature on the electronic .pdf version.
A Compartment fires
stages of, 2-1-2-6
fire-plume/ceiling jet, 3-12, 4-1
flashover, 13-1-13-9
ventilation, 2-4
pressure rise, 14-1-14-4
Conduction, See Heat transfer
Conductivity, See Thermal conductivity
Convection, See also Ventilation and Heat transfer
forced, 2-23, 2-24
natural, 2-23
Corner fire, See also Flame;
height entrainment coefficient, 4-4
Critical temperature, 5-2, 7-5, 17-5-17-10
Critical heat flux (CHF), 2-20, 5-2, 6-5-6-7, 6-12, 6-13

Abbreviations, G-1-G-11
Analogy of hydraulic and electric systems, B-11-B-12

B
Battery rooms hydrogen gas generation, 16-1-16-12
explosive concentration, 16-1
Fire Protection Code requirements, 16-7
flammability limit, 16-2
hydrogen and other gases concentration
calculations, 16-2—16-9
ignition of hydrogen, 16-1-16-6
lower explosive limit, 16-1
prevention and control of combustion, 16-5-16-7
ventilation, 16-5, 16-10
Beam pockets, 2-23, 12-10

Burner, 3-9 D

Combustion, 1-4, 1-5, 2-16,

gas, 3-9, 3-14, 171

Burning duration, 3-7

liquid pool fire, 3-8, 3-18
solid combustible, 8-1-8-3

Burning rate, 3-1, 3-3, 3-4, 3-6, F-10

Cc

Cable, A-1

damage threshold, 2-20, A-15-A-19
cable fire (Browns Ferry), A-1
cable material, 7-6, A-2, A-7, A-8
thermoplastic, A-7
thermosetting, A-8
configuration and construction classification, A-2
description, A-2
function, 7-1, 7-2, A-3
insulation of, 1-6, 1-8, A-2-A-4
types of electrical, 2-20

Cable tray, 7-1-7-6, B-40

fire hazard, 7-1

burning mode, 7-2

factors of behavior in a fire, 7-2
scenarios, 7-2

type combustion reactions, 7-3

Calorimetry, oxygen consumption, F-12

See also Heat Release Rate; Flammability
Apparatus 3-3, F-12

Ceiling jet, See Compartment fire
Char—forming products, 2-17
Combustibles, 1-6 See also Fire hazard

fixed, 1-6-1-8, 2-19, 5-2
heat release rate, 2-19-2-21, 8-1-8-3
liquids

classification, B-17

definition, B-17

flashpoint, B-19

storage, B-20-22

transient, 1-6—1-8, 2-1 2

9, 3-3, 5-
6, 6-3, F-15

Index-1

Decay stage, 2-17
Defense-in-Depth (DID)
objectives, 1-2
Deflagration, See Explosions
Density, 2-10, F-21
Detontation, See Explosions

E
Electronics, thermal effect on, 2-22
Emissivity, 5-2-5-7, C-6, F-22
Energy,
radiant, 3-8, 5-2
electromagnetic, 5-1, F-47
Enclosure fire, See Compartment fire
Explosions, 15-1-15-15
characterization, 15-2, 15-3
confine and unconfined explosions, 15-4
definitions, 15-1, 15-2
effects on components, 15-3
effects on humans, 15-11
energy release and effects, 15-5-15-11
hazard associated with deflagration, 15-3
flammable mixture, 15-3
fuel vapor backdraft explosion, 15-4
limits, boundaries and range, 15-4
pressure increase due to explosion, 15-1
pressure increase estimation, 15-13
smoke explosion, 15-4

F
Fan, 2-4, 2-5
Fire classifications, B-13, B-14
extinguishing mechanism, B-16
Fire computational models, B-78-B-88
Fire dynamics
definition, 1-1
Fire Dynamics Tools (FDTs), 1-1
process of fire development, 1-4—1-6
Fire events in nuclear power plants, H-1-H-33



Fire extinguishing agents, B-16
carbon dioxide system, B-46-B-52
dry chemical, B-55-B-57
foam extinguisher, B-58-B-64
halon, B-41-B-46
Fire growth, B-1-B-10
flame and heat growth, C-5
Fire hazard, 1-1-1-9, 2-19
classification, B-14
common fires, 1-5
Fire Hazard Analysis (FHA), 1-3, 5-2
fire load, 1-6, F-26
fire location, 1-9
practice problems and solution, J-1-J-134
quantitative fire hazard analysis, I-1-1-17
sources, 1-4
Fire plumes, See also Compartment fire and Flame
buoyant axisymetric, 3-16, 4-1, 9-3
characteristics, 9-3
definition, 2-3, 9-1, F-45
regimes, 3-13, 9-3
centerline temperature, 9-4-9-7
virtual origin, 9-5
ceiling jet formation importance, 9-7
Fire protection, 1-1
inspection findings, 1-3
Nuclear Regulatory Commission (NRC)
documents, D-1-D-44
National Fire Protection Association codes,
E-1-E-13
program objectives, 1-1
risk-informed, performance-based
design basis, 1-9, F-49
Fire resistance, F-10
construction type, B-36-B-38
definition, C-6, F-10
fire barriers endurance ratings, C-9-C-11
test and standards, C-12-C-18
ratings, B-8-B-11
Fire scenario, 2-19, F-28
Flame, 3-10
categories, 3-10-3-12
spread rates of flammable/combustible,
3-6, 6-10-6-11
height, 3-8, 3-16
liquid pool fire, 3-17
wall fire, 4-1-4-3
line fire, 4-1—-4-3
corner fire, 4-1, 4-4
hydrogen, 3-8
oxygen-acetylene, 3-12
pulsing behavior, 3-12, 3-16
regimes, 3-13, 4-1
spread rates of flammable/combustible liquid, 3-6
temperature, 3-16-3-18, 5-2
adiabatic, 3-19, 3-20

Flammable gases

classification, B-28

deflagration-to-detonation transition (DDT), B-30
explosive limits, B-30

explosion prevention methods, B-30, B-31
flammable limits, B-28

hydrogen, B-33, B-34

Flammable liquids, B-17

classification, B-17
definition, F-31
flashpoints, B-17
storage, B-20, B-21

Flashover, 13-1-13-9

definitions, 13-3, F-32

experimental observations, 13-4

flashover prediction in compartments, 13-1-13-6

incipient period, 13-1

methods to predict HRR compartment flashover,
13-5, 13-6

methods to predict temperature compartment
flashover, 13-7

physical characteristic, 13-3

stages, 13-3

Fuel, 3-1 See also Combustible & hazard materials

chemistry, 3-7

hydrocarbons, 3-3

limited fires, 2-4

liquid fuels, 1-8, 6-2

loading, 3-1

solid fuels, 6-1, 6-2
thermal properties, 8-2

Fuel ignition, 6-1-6-13

by radiative heat flux, 6-12, 6-13

ignition time, 6-1, 6-4, 6-7, 6-8, 6-10, 15-10
ignition temperature, 6-10, 6-11, 15-10

flash point, 6-1

piloted ignition, 6-1

auto-ignition, 6-1

heat flux sources, 6-4

thermal response parameter (TRP), 6-5, 6-6

G
Gases, 2-14
combustion toxic effluents, B-78
hot, 2-14, 3-16
layer, 2-8, 2-25

plume of hot, 3-16
temperature, 2-8, 2-13
self ignite, 2-6

H

Heat capacity, 2-10, F-35
Heat detectors, 12-1-12-10

response time index, 12-6 —12-8
operational temperature limits, 12-1-12-2
heat detector types, 12-2-12-5

activation temperature calculation, 12-5

Heat of combustion, 2-20, 3-3-3-6, F-35



Heat release rate (HRR), 2-16—2-25
cable trays, 7-3, 7-4
curves, 2-18
data tables, 2-20-2-22
liquid pool fire, 3-1-3-4
bench-scale, 6-6, 7-3, 7-4
flammability apparatus, 6-5
Heat resistance of target fuel, C-4
Heat sources, C-2
heat intensity, C-2, C-3
heat flux, C-2, C-3
heat quantity, C-2
duration, C-2, C-3
incident heat, C-3
Heat transfer, 5-1
coefficient, 2-9-2-13
radiative (radiation), 3-17, 4-2, 5-2
convection, 5-1
conduction, 5-1
Horizontal fire, See Pool fire

|
Ignition threshold, 2-22, A-11-A-14
Incident heat flux, 2-10, 5-2, C-3, F-67
Inspection findings, 1-3

J
Jacketing materials, See Cable

L
Line fire, 4-2 See also Flame; height
geometry, 4-2, 4-3
entrainment coefficient, 4-2

M
Mass loss rate, 2-4, 3-3, 3-5, F-41
Metal combustion properties, B-29-B-31
extinguishing agents, B-31
melting, boiling and ignition temperature, B-30

N

Noncombustible ceiling, 4-4
Nuclear power plants,

fire hazard analysis, 1-3

(o]
Oxygen consumption, 3-3, 6-5, F-12

Index-3

P
Performance-based, See Fire protection
Point source, See Radiation models
Pool Fires, 3-1-3-8, 3-14, 5-4
burning duration, 3-8
burning modes, 3-4
circular, 3-18
nuclear power plants (NPP), 3-4, 3-5
non-circular, 3-18, 5-4
Post-fire safe shutdown, 7-1
Post-flashover vented fire, See Compartment fire
Pre-flashover vented fire, See Compartment fire
Pyrolysis, 6-3, 7-3—7-5, F-46

Q
Quasi-steady balance, 2-8, 2-23

R

Radiation, 5-2 See also Heat transfer

spherical source, 5-3
Radiation models, 5-1

configuration factor, 5-2

point source, 5-2-5-5

solid flame, 5-4-5-17
Risk informed, See Fire protection

S
Scenario, See Fire scenario
Smoke detector, 11-1-11-11
alarm condition, 11-6
performance, 11-1-11-3
response parameter, 11-8
response time, 11-1
type of smoke detectors, 11-3—11-6
Smoke layer, 2-14-2-16
cool gas layer, 2-14
filling, 2-12-2-15
height estimation, 2-13, 2-17, 2-23
hot gas layer, 2-13, 2-14, 2-23
interface position, 2-15
visibility through smoke, 18-1-18-5
Smoldering, 6-3, F-55
Solid flames, See Radiation model
Sprinkler, 2-22, 3-16, 10-1-10-12
heat transfer characteristics, 10-3
installation configuration, 10-2
main function, 10-3
operating principles, 10-3
plume interaction, 10-13
response time, 10-1
types of automatic sprinklers, 10-1-10-3
sprinkler dynamics, 10-4
operational temperature, 10-5-10-8



Spills, 3-18
liquid fuel, 3-5, 4-1, 5-3
fuel volume of, 3-18, 4-5
fuel area, 3-18, 4-5
Structural building components, 17-1
building fire resistance rating, 17-3, 17-4
fire walls and fire barriers, 17-7-17-8
Structural steel, 17-1
beam, 17-16, 17-17
column, 17-1
failure criteria, 17-6
fire resistance calculation, 17-12-17-16
fire resistance classification, 17-1
fire resistance coatings, 17-9-17-12
protection methods, 17-4, 17-5, 17-13,
scenarios, 17-3, 17-4
temperature limits, 17-6
unloaded columns criteria, 17-4
unprotected steel columns, 17-2—-17-12
numerical methods for temperature increase,
17-20-17-23

T
Tail stage, 2-17
Thermal capacity, 2-10, 2-11, F-35
Thermal conductivity, 2-10, 2-11, F-64
Thermal feedback, 2-1, 2-24, 13-6
Thermal Inertia, 2-10, 2-11, F-64
Thermal insulators, 2-10, 6-5
Thermal penetration time, 2-10, F-65
Thermal radiation, 5-1-5-16

field of flames, 5-3

hazard, 5-3
Thermoplastic, See Cable
Thermosetting, See Cable
Turbulent diffusion flame, 3-14, 4-5

\'

Ventilation, 2-4

forced ventilation, 2-4, 2-5, 2-12, 2-13, 2-24

limited or controlled, 2-4

make up air, 2-4

natural ventilation, 2-8-2-12, 2-15, 2-24
Vulnerability

Fire-Induced Vulnerability Evaluation

Method (FIVE), 2-19, 5-2

Index-4
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