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THE 3URNING OF WOOD AND PLASTIC CRIBS IN AN ENCLOSURE :

VOLUME II

James G. Quintiere, 3ernard J. McCaffrey and Margaret Harkleroad

1. INTRODUCTION

This is a summary and compilation of the room fire data referenced in

"The Burning of Wood and Plastic Cribs in an Enclosure: Volume I". A

complete set of the transient raw data in the format given in table 1 is

available on a 9-track, 1600 3PI, 132 character record, ASCII format

magnetic tape. A printed listing of the data is tabulated in appendix B.

Section 2.3 of volume I [1]~ gives a detailed description of the

instrumentation. Here we include table 2 which describes the type of

instrumentation and table 3 which indicates the symbol and letter key use

to designate the sensor. Accordingly, the sensor locations are shown in

figures 1-1 and 1-2.

Typical of room fire experiments, an immoderate amount of data -'as

collected. For the most part, we have chosen to examine the quasi-steady

results during the peak burning period. These results have been thoroughly

discussed in volume I (1], and are presented here again in table 4 for

convenience. Since the general transient aspects of the experiments may

be of interest, these results are presented in the following sections. The

order of presentation for each parameter will follow the sequence given in

table 4; however, the first experiment (PRC 0) was not included.

J Numbers in brackets refer to the literature references listed at the end
of this report.
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Figure 1-1. Room instrumentation— thermocouple section
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2. ROOM TEMPERATURES

Room temperatures measured as described in volume I [1], section 2.3.1

are shown as a function of time in figures 2.1 to 2.20. The curves are

labeled according to thermocouple number, as referenced in figure 1.1.

These results include the ceiling (T8) and wall (T25) temperatures, but

do not include the filter paper temperature (T24)

.

Some anomalous behavior of the data is present and may be explained.

For example, the ceiling temperature generally follows the wall temperature,

but this is not the case in PRC 3. It appears that in that case T8 was more

likely measuring the gas temperature near the ceiling. The temperature

fluctuations generally reflect the turbulence level but in some instances

extraordinary excursions are shown. These excursions do not reflect the

temperature; the cause of the error is not known. In PRC 9 and 10 it appears

that T23 was not recording the proper temperature, in fact T23 was found to

have had a short circuit at the thermocouple junction box located in the room.

Hence, it was probably measuring the temperature in the junction box for

these two experiments. Finally, during the fire decay period T28, the

aspirated thermocouple appears to have an anomolous behavior. It occurs

for the high temperature fires with small doorways. The aspirated temperature

begins to exceed the bare thermocouple data. This is probably a valid

reading due to conduction from the hot aspirated probe metal tube which is

slow to cool. When this occurs T28 does not give a true gas temperature

reading.

I

9
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3 . DOORWAY TEMPERATURES

Doorway temperatures measured as described in volume 1 [1].

2.3.1 is shown as a function of time in figures 3-1 to 3-20. The

are labeled according to thermocouple number.

Section

curves
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4. CRIB MASS LOSS

The crib(s) mass monitored as described in volume 1 [1], Section

2.3.4 is shown as a function of time in figures 4-1 to 4-20. The wood

cribs would generally collapse at about 10 minutes after ignition whereas

the plastic cribs would swell and char but maintain a structure similar

to its original form. The char residue after combustion was about 10 percent

for the wood and 13 percent for the plastic.

In form experiments, PRC 13 through 13, a malfunction of the load

platform was discovered. This was corrected and an attempt was made to

correct the errors in the mass loss data through a special calibration

procedure. These corrected results are shown here.

An anomaly occurred in PRC 2 which was a mass increase near the end

of the experiment. This coincided with the crib collapse. However, the

cause of this erroneous mass increase was not clear. Another obvious

error occurs as a brief excursion in PRC 19. This is likely a data

recording problem.
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5. CRIB MASS LOSS RATE

The instantaneous rate of mass loss was obtained from the crib mass

data. In the interpretation of these results it should be realized that

they arise from a differentiation process applied to discrete data points

which may not be well-behaved in a mathematical sense due to experimental

fluctuations. The "smoothing" method selected was a least square linear

fit over successive mass loss data points. The slope of the linear fit

is the mass loss rate. This process was repeated for a running set of

ten data points for each five-second increment. The formula is given as

*(t
i

)

10

E t.m.
1 x

i=l

i=5 =
10 ,2

E i
i=l

where t^ is the time

and m. is the mass.

10 10

E fc
i E m

i

i=l i=l
10

10

The results of these calculations are given in figures 5-1 through

5-20. Anomalous behavior can be traced back to problems with the mass

loss data or to the manner in which the differentiation method is responding

to the data fluctuations.

A comparison between repeat runs (PRC 17 with PRC 19, and PRC 20

with PRC 16) shows that the results are in fair agreement. (Note that the

ordinate scale varies in each of these figures.)
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6. ROOM AND DOORWAY GAS TEMPERATURE PROFILES (T)

A sequence of room and doorway temperature profiles is shown in

figures 6-1 to 6-20. In each figure the time sequence of profiles is

shown for 30 seconds after ignition, the start of the average peak burning

period, its midpoint, and its end. The plotted curves connect the data

points, which have not been shown explicitly. The distinguishing features

of the profiles are their shape and magnitude during the peak burning period

The depth of the heated gases within the room is much lower for the smaller

doorway cases and stratification is stronger there. The "Star" data point

in tests PRC 9 through PRC 20 indicates the true gas temperature measured by

the aspirated probe at that point. A significant result is that the maximum

doorway temperature is lower in each case than the maximum temperature in

the room. This is probably due to heat loss from the gases flowing between

the two measuring stations. Thus a unique upper and lower room gas

temperature is an idealization. Yet this concept is useful in analyzing

room fire data and in predicting fire behavior from zone models. However,

there will always be some inconsistency between measured room temperatures

and those temperatures predicted by zone models.
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7. DOORWAY VELOCITY PROFILES (V)

Doorway velocity profiles over a 560-second period are shown in figures

7-1 to 7-20. Each figure contains 16 profiles with each produced at 35-

second intervals, the end of each complete velocity scan of the vertical

probe a ray in the doorway.

After an initial transient period the profiles reach a nearly steady

state and are relatively insensitive to fire changes up to burnout. In

general for a fixed room temperature level, the profiles indicate increasing

velocities and a decreasing zero velocity position (neutral plane height)

as the doorway width is decreased.
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8. DOORWAY MASS FLOW RATE

The mass flow race of combustion products out of the room and airflow

into the room was calculated from the velocity and density (temperature)

measurements at the centerline of the doorway. The equation is

A w / T (V/T) dy

where the velocity and temperature was assumed invariant over the doorway

width. The perfect gas stare equation for air was used where o T are
cl cl

reference values of density and temperature. The integral was taken over

the bottom (or top) of the doorway to the neutral plane and the integral

was evaluated by a trapezodial formula. The position of the neutral plane

was found by linear extrapolation of the velocity data at the flow reversal

point in the doorway. It should be realized that our data acquisition

limitations led to a complete vertical velocity traverse every 35 seconds.

Hence, the integral was evaluated every 35 seconds. Because of the inherent

fluctuation of the velocity due to turbulence, and the transient changes

due to fire growth and decay, a "smoothing" process was applied to this

calculation. For all experiments the data results presented represent a

running three-point average of the mass flow race over 35-seccnd intervals.

The average was assigned to the mid-point. Also, for each run following

PRC 8, the pressure signal from each transducer was electronically averaged,

and this result was recorded every 35 seconds. The results of these

calculations are shown in figures 8-1 through 3-20. The results appear

much smoother following PRC 3 due to this electronic signal averaging

process. The lack of mass balance in the results is a serious problem

which could have been remedied by more comprehensive measurements.
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9. ROOM STATIC PRESSURE

In this section the pressure differentials between the inside and

outside of the room are presented at six elevations. The results are

presented as a function of time in figures 9-1 through 9-20. The elevation

can be identified by the channel number listed in the figure, and the

information listed below (see also figure 1-2)

.

Channel Probe
Number Symbol

41 DPI
42 DP2
43 DP3
44 DP4
45 DP5
46 DP 6

The probe positions were changed

complete vertical distribution.

Distance Above the Floor (m)

PRC 0-8 PRC 9

2.30 2.28
2.01 1.81

. 1.76 1.35
0.54 0.89
0.285 0.49
0.0285 0.04

PRC 8 in order to yield a more

Since these probes responded to a turbulent phenomenon it is

appropriate to average their signal in order to present the near pressure

differential. The main result will depend on the averaging process used,

and in appendix A various averaging results are presented for illustration.

The results given in figures 9-1 through 9-20 have been time- averaged as

a 50-second running average using a rectangular rule for evaluating the

integral with a time increment equal to the data scan time of 5 seconds.

In the above formula, p is the pressure signal, and t^ is the time at the

ith data scan.

0
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10. GAS CONCENTRATION

The volume concentrations (dry basis) of 0
7
and CO^ measured at the

top of the doorway are shown in figures 10-1 to 10-2. These concentration

results are mirror-like images of each other provided a significant concen-

tration of CO is not produced which was certainly the case in our experiments

In fact it can be shown from equations 6-30 through 6-32 of volume I that

(for insignificant fuel production)

M
CO.

*02 +
M
02

02

'CO.
[ CO.

0.21

where x is the volume concentration,

M is the molecular weight,

and v is the stoichiometric coefficient,

for the CO-, and 0^ species respectively.
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APPENDIX A

EXERCISE IN AVERAGING

Analysis of fire data often requires some type of time averaging. As an

illustration the static pressure data from PRC-l-P-1 were averaged by several

methods and these results are given here. Figures A-l through A-6 show the

raw data as recorded every 5 seconds. These are continuous plots through

these discrete data points. Figures A-7 through A-ll display continuous plots

of various running average operations applied to the raw data. The general

averaging formula is given as

where At 5 seconds, and the integral is evaluated by a quadrature rule for

the discrete data p(t) over the interval NAt. In figure A-7, N 3 m 3 10 and

the integral is evaluated by a rectangular rule. In figures A-8 through A-ll,

N is 5, 10, 15 and 20 respectively, and the integral is evaluated by the

trapezodlal rule. In each of these cases m was selected such that p was

evaluated each time at the center of the interval NAt.

,

c
i
+

p(t) dt

t
1

219



PRCl-P-1-1
STATIC PRESSURE SENS0.1S

LEFT REAR WALL

CH41

i

150
~i

—

300 450 S00
TIME (S)

750 900

Figure A-l

220



TAT

I
C

PRESSURE

(N/M2)

Figure A-2

221



PRC 1 -P-1 -

1

Figure A-

3

222



TfiTIC

PRESSURE

(N/M2)

PRC 1 -P- 1 -

1

STATIC PRESSURE SENSORS
LEFT REAR WALL

CH44

cm _

<X>

zr

Figure A-4

223



PRCl-P-1-1

Figure A-5

224



TfiTIC

PRESSURE

(N/M2)

PRCl -P-1-1
STATIC PRESSURE SENSORS

LEFT REAR WALL
CH46

oj .

® -

a-

TIME (S)

Figure A-6

225



STRTIC

PRESSURE

(N/M2)

PRC 1 -P - 1 -

1

STATIC PRESSURE SENSORS
LEFT REAR WALL
* CHANNEL i+l

CHANNEL 42

a CHANNEL 43

« CHANNEL 44
a CHANNEL 45

o CHANNEL 46

<M .

I
i i I I I I i

0 150 300 450 600 750 900
TIME (S)

Figure A-

7

226



STATIC

PRESSURE

(N/M2)

PRCl-P-1-1
STATIC PRESSURE SENSORS

LEFT REAR WALL
* CHANNEL 41

CHANNEL 42
a CHANNEL 43
•CHANNEL 44
a CHANNEL 45
« CHANNEL 46

® _

T +
0 150 300

l

450 600
TIME (S)

—i
1

—

750 900

Figure A-8

227



STATIC

PRESSURE

(N/M2)

I

PRCl-P-1-1
static pressure sensors

left rear WALL
* CHANNEL 41

CHANNEL 42

a CHANNEL 43

9 CHANNEL 44
a CHANNEL 45

o CHANNEL 46

<s _

OJ

Q

OJ _

-I 1 1 ""I 1

150 300 450 600 750 900

TIME (S)

Figure A-

9

228



• •

PRC 1 -P-1 -1

STATIC PRESSURE SENSORS
LEFT REAR WALL
* CHANNEL 41

CHANNEL 42
a CHANNEL 43
•CHANNEL 44
a CHANNEL 45
« CHANNEL 46

o

i

3 153
“I 1 ! 1 1

300 450 600 750 900
TIME (S)

Figure A-10

229



I

PRCl-P-1-1
STATIC PRESSURE SENSORS

LEFT REAR WALL
CHANNEL 41

CHANNEL 42
a CHANNEL 43'

9 CHANNEL 44
a CHANNEL 45

o CHANNEL 46

Figure A-ll

230



NBSIR 30-2054
The Burning of Wood and Plastic Cribs in an Enclosure: Volume II
Appendices 3 and C

James G. Quintiere, Bernard J. McCaffrey and Margaret Harkleroad

Center for Fire Research
National Engineering Laboratory
National Bureau of Standards
Washington, D.C. 20234

November 1980

Prepared for the

Products Research Committee
Grant No. RP-76-U-2: Assessing the Hazard of Cellular Plastic

Fires in a Room



APPENDIX B

Transient Data

A complete set of the record data over time is tabulated in this section.

It is categorized by test code designation in the order given in table 1. The

data are labeled by channel number and time in seconds. The correspondence

from channel numbers to sensor designation and the units of the measurements

can be obtained from table 3.
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APPENDIX C

Average Peak Values

This section lists by sensor label (see table 3) the average peak values

as defined in volume I. The units are those given in table 3. (Note: The

2
heat flux units given here are erroneously given as W/cm and should be W/cm „)
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