COMMENTS ON

“CORRECTION
FACTORS FOR
THE HEAT OF
COMBUSTION
IN NFPA 72
APPENDIX B”

by William Dauvis, Ph.D,

AE Fire Frotection Enginesning

waLnl 1o EXpreEss soane reservilions concemning he revision
]:lu MEPA T2 Appendic B that is being considersd based on
an article Iy Chrstopher B Mamion in Siee Mrofechion
SrmreerinE, The mitonale bor this revision is ased onoa
paper published by Heskestad and Celichasios® in o which
ther comelation® (&0 used in MEPA 72 Appendix 1w
medificd due wan updared measurement for the hear of
combstion of sugar pine. The revisica is subsmnial inotha
the heatr af combastion for sugar pings is recduced by a Bctor
al 167 which significantly changes the relatonship beracen
convective heal release mte and exoess lempenitune o the
ceiling, Changes such as theses, which substantially impace
gk weay fire protection engineers pedomm detector place-
i nsingr incependent suppon-

el .||'._|I':.~.'|::_ should b vernifie
i expeiments in order o avaid dependence on & single
investigation, Heskesad and Delichat=ios sere very canelhel
in their onginal paper w0 compare thelr measuremenizs with
exisling experimental data in ceder oo verily thar the resalis
T :-'|_||'||u"-r||_-|_l with r_'-:'||'|'|'|.|r._|l:-l:_- experimenis. [n their revi-
aton, when the heat of combastion was changed, no com-
|'|;|-'i~a-:'|n was e o the resulis ol ather expermenis

Since the H&D correlaica was hased on a eagquased fire,
thie tiene dependent portion is dillioaln 1o verily osing exis-
ing cxponments. Chne can lesnk an the gquasisteady form of
thie HEL everelation as Heskestad and Delichasios did in
their First e In thai paper, favomble comparisons of
plume and ceiling jor wempermire exoess wore made with
aleohed pan fires. Laler, Evans® commpered the gquasisiesdy
form af this ;.ll!-'la-"|||'.|":l with -"|||'5-l\,,'|1_"~i |_|_'|'!i'1_i!| L camelation®
il fonand thear e FEDY cormelation predseed somesdut
higher S T PR e ancd velooriies, Wiith the correcied
relemee e, both of these comparisons will vield poornc
resulis as the exoess temperure at thee ceiling will Bbe aboat
£ hagher For an equivalent bean release mate,

The criginal FER1Y dquesistendy lormad gives the excess
Lemperane o the ceiling o be:
o]

T2 loassrosat
cpel|l B3 I
whwre for o I-:'r|'||:-.'r.|!l.|.nr ol 2000 the hirst Brecket has a
wvalue of 9285 Evaluating this q-x|:-rq1:~;ir'-|1 an r=01.0m -:'F-Il_lm:_-
cerlerlinel vields

AT

..... o

If ther Beeat relesse nfe i coorected for U revised heal of
combrustian of wood, the plume ceneerline wemperurne
el Issonrmes EI----

AT = 360 =
.Ir.ll'.-l

Daryler has sugmessted that 220 shonld be osed with the
total hear release eae, whdle 2000 shoald be used anth the
comvective head release mie, This alservalion was Bused on
a number of CEEETIMENE which inclodesd nonradiative et
sourees as well as different feel sourees. The revised coclTi-
cient al the HED comelation is substamtially larger than these
values while the anginal coefficient = close e the sugpesied
wiless

It = alao instmactve e look at the measured radiative Frac-
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TABLE 1.
Ceiling

Hiigls

Refere e Fiiedl

Scnarcs

HEE

EXFPERIMENTS WITH LUFFER LAYERS

Bucess Laver Dbl Curtain
Temperatuns  Dxepch

Evins® .58 m Methane

62 kW

S0°G 0. 25m

Hinkley™ 1k m Texime

4.0 MY

H5 50 2

Gt 15 m JE-5

WiLrios

WAL 3.7

Gt 22m PS5 & P

WIS

WArOLS 2.4 0m

SEYMEBOLS
[= et capacity of air at consin presaine
a2 receleranion of pr WY
H lweazhit o ceiling above the fire surface
l::_:l hasar release mane
':_:' vormveciive bt release mle
I raclial clistarse from PN Cergerime

T, anmbrient Emperiine

&) EXC85E [eMPeranine
o ks of air

1 fear s experimenis. Heskestad

repomed a value af approsineacely (02

:|
for wcesd pallets bosed oo messare
nieEni .I"-\J I|'||'\-' '\.'.I|I_||_' Um0 I |_||_'|:l\.|_'
the oonstant For the convective et
relesse rate cosrebition, This value for
racative fraciion is slighily lower than
the 0.3 walime Far wood published h:.'
Tewrarson®, Using the 0025 mdinnve
fraerice, euaetion 3 becomes
ar=a352

H

additicnal insigli

ab thie revisad ver.

In order 1o gai

il e accuncy

sicn of the HED correlatiod, it is use-

ful 1o compare its peedictions with

Exrerimeends wwhere a subsranteal hioe

upper layver has developed. Cne
wintll expect that the HE&D correla-
tion would underpredicr the pleme
cenlerdinne temperalane bor dhess

SRR SIS 0L 1= "'|_|'~||_x| [ |
af neeasurements where o smoke Lver
-C|ilf ncH ||l\."|'-q,"::|'.- And |||_'|'||_ 0 :|||_' 5,'\-|I_|;'|'|;_'
wollld nol include entrined o
uppeer Loyver s

Figures 1, 2. and 3 display the com-

[EITSONS using eouaiion 4 revised
HED correlationt and the plume cen-
terline pemperniune mensurements
close o the ceiling for the sxperi-
ments tabulared in Table 1. The culou
Liticas sire peeerhorrmmescd siftesr steachr stane
burning has ooourmed and a stable
upper Gver s developed. The uncer-
minty intervals For the caloulations rep-
T unceriEamies in the inpat viloe,

Tl revise] & D correlation consis-
temly prodicns or overpredicrs the
plurme centerdine temperatare For all
crperiments, These compansons con-
trnchicn skl svoald B expected ol the
.‘\."-'i'\-i.'l'i -\.'I.."\.\.'..\.Ilil:-" '| |'||_' I'I_".'|'H.;.'\_: T e
larion should undergredicn the plume
centerline tempesranan: b

| Lkt

cxperiments as the correlanion is based

Figure 1. Comparison of Measured and Predicted Excess Temperature

for 0.58 m and 10 m Ceiling Heights
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Figure 2. Comparison of Measured and Predicted Exo
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Figure 3. Comparisan of Measured and Predicted Excess Temperature

for 22 m Ceiling Height
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an uneeafined ceiling experiments
which would wssume cool air entrained
cver the entire plume beight

In conchion, the revised comelation,
FI&D, does ot ageee with exiding mea-
aypemients for plumes centedine fempeni-

e in unconfined celing silmations

|_|-\,'i-|_;|_ edthwer nonradative hat sourees of
calier Fuel searces, While U correlation
cliel predict the plume cenperline temper-
ature For some cxperiments where 2 hot

upper layer developed, it should have
uncherpredicned these tem
s derivexd from uneon
watinns, With thee wnoerannty surround-

peTatres a8 i

ined ceiling sit

ing the mesarements repoed i this
experment and witl the supgpested cor-

14,3 J 5.7 33

HSR pW

rection yielding o correlation which is
less comservative when confromted with
cther experimental resulis, i @5 suggest-
e that the ariginal vahees for NFPA 72
Appendiz B ke serained uniil auch rine
that the simation o e assessed with
independent measurements. &
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Write for Fire Profection Engineering!
Ly publishing in e Frodeciion
Engimoering, you'ne helping SFPE meet s
greaals of disseminating new ideas for the

Benefit of the prafession.  Youwll also find

your article ameng e pages of one of the
mosl prestigious engineering publications
in print teday. Submissions that are news-
winthy of suited o the themes of fonh-
coming issues are welcome. To leam mare
about submiiring voar articls, wisit

woww sipearg and click on “Pulblications,”

ar contact the editos, Morgan Hurley, ot

engineeringsfpe. o
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