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
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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;).
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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.
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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)
