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results of the iests performed show two distinct effects produced
by the introduction of the destratification fans into the test facilities.
Most clearly, the delay between the ignition of the fuel and the response
of the detectors was increased by an average 16.2 seconds. As was to be
expected, the detectors located closest to the smoke source were in general
the first to signal alamR

The second effect of the fans is a decrease in the number of responding
detectors. This effect can be explained by considering the limited output of
the smoke source and the porous construction of the test facility. 1In a semi-
porous building, such as a typical restaurant or club, some of the mmoke is
N vented through open windows, doors, and forced ventilation systems. This com-
o5y plication can lead to an equilibrium situation in which the rate at which

»:; smoke is produced by the fire is marched by the rate of mioke dissipation

oF through the various vents. The equilibrium concentration will be lower when -
A g the room has ceiling fans operating in it bscause smoke that would normally

by be isolated from the effects of ventilation will be mixed into the moving air .

by the circulating effects of the fang. Thug, the probability of a fire going -
rul

ks undetected is greater.

BN

‘%; The data gathered suggests that ceiling destratification fans increase the

W response time for "products of cambustion” type of fire detectors. The mag- ;
A nitude of this increase is dependent on size of the fire, the distance between i
the fire and the detector, and the number of fans operating per unit area. :
."*{ This data also indicates that the number of responding detectors is reduced

& considerably, especially during the early stages of the fire in areas that

hg ¥ are being destratified with ceiling fans. S8ince it is impossible to predict

’§ ' exactly vwhere a fire will hreak out, we cannot reliably reduce the effects of

these fans by minimizing the distance between the detectors and the smoks
source except by increasing the concentration of detectors in the roam.
Fortunately, except for the very early stages of the fire, the delay produced
by the fans is minimal for detectors near the smoke socuxce. It is therefore ;
the recommendation that the area covered per detector in a room equipped with ;
ceiling mounted destratification fans be reduced approximately 50 percent. i
This will reduce the likelihood of a fire being masked by the fans operating ;
in the room. 1

L& 5 el

o !
o

Y,
R

- g
,.i rﬁg“:’
[}

UNCLASSIFIED

SECURITY CLASSIFICATION OF Tu'® BAGE(When Date Entered)

. % e

" wre % " v o " - .. - L PR IR S L P, e
B e N I R W b NN A% B B T p i ST TS AT AR AT T et e A e O o e T



L Ay
A A
L
4
’,
i
1]
[ )
h
1]
.
’
L]
.
»
A
R
)
’
.
»
»
.
.
v
,
y)
J
1]
R
R
.
K
r
L)
.
L]

1450

Péa e,

PREFACE

This report was prepared by the Naval Civil Engineering
% Laboratory, Port Hueneme CA for the Headquarters Air Force

|
|
‘X Engineering and Services Center, Engineering and Services |
L, Laboratory, FY83 Investigational Engineering (IE) Program, under \
g MIPR 83-59. This report summarizes work done between April 1983 !
B~ and September 1983. Capt Fred K. Walker was the Project
Of ficer.

£ This report has been reviewed by the Public Affairs Office

3 . (PA) and 1is releasible to the National Technical Information
§ Service (NTIS). At NTIS it will be available to the general pub-
lic, including foreign nationals.

. ¢
g " /’ J t.. -, ' *
, FRED K. WAEKER, Capt, USAF BERT/ E. BOYER/ USAF
'QE Fire Protection Project Officer Director, Engineering and i
Services Laboratory
YN 1
! . |
- ‘W |
{Z} Acting Chief, Engineering Research . i
19y Division |
&
-‘l
v
A Accession For
. ' NTIS GRA&I
N DTIC TAB O
34 Unannounced O
. : Justification. |
'_)1- .
o By
. | Distribution/

4 Availability COdeg
& “lAvail and/or
N Dist | Special
4]
s vell
) .

4
i

i

(The reverse of this page is blank)

>

4
AN T RS P P ALV AN AL P T OOty G K CR R S 7 T T Pt T T




APPENDIX

m c O

iit

TABLE OF CONTENTS

Section - Title

I INTRODUCTION AND BACKGROUND. .cccoveoncocconcnse
II ACCOMPLISHMENTS . s ccceecvccsnctsscsccscsncscsscccncs
111 DISCUSSION. «veuenennnenesosnsecosncnsonsnsncnns

Iv CONCLUSIONSU........l.........................I

A TABULAR TEST DATA AND RESULTS.:ccacosccccccasss
EQUIPMENT DESCRIPTION.:cccccoccscescscccncsccses
TEST RUN DESCRIPTION SHEET.ecccooeccesoccsccsss
FUNDS EXPENDITURE CHART..ccccocccococcccccccscss

PERFORMANCE AND COST REPORT.ccecsccscccscscnsoscs

AN YE S

Page

1
2
13
15

17
24
25
28
30

FR TR VS I HE A IR SR S CRRNE R




R
4

LIST OF FIGURES

, Figure Title Page

“-_:' 1 photograph Of FacilitieSO..............I........l 3

 ; 2 Photograph of InstrumentationN.c.ccccceccccccccccs 4

' 3 SChematic Of Test FaCilitieSO.oooooo-ooo.-o-ooooo 5
Ul .
tﬁﬁ‘ 4 Average Number of Responding DetectorS.ceccececese 6
ey ) :

b} 5 Number of Responses Versus Quantity of Fuel -

Burned.........................l...l....'........ 7

ﬁf%; 6 Average Response PatternsS.c.cceececccesccccocecscs 8 .
§§¥ 7 Average Response Time Versus Distance Between
é;@. Detector and Smoke Source (50 ms case)cccecccccee 9
- 8 Average Response Time Versus Distance Between
Sikie
ix 9 Probability of Response Versus Distance Between
’LQ)§ Detector and SmOke Source (25 ml Case).......-... 11
Bad LIST OF TABLES
~;
§,§ Table Page
Tl 1 COMPARATIVE REDUCED DATA SHEEToo-ooocooooonoo-ooo ' 12
f}‘;:?
NN
A .
g_
2¢3
244

A e p P
i .-\_-”.'.l"‘\i



D595 5k g DA DA MEAE ML MR R R

SECTION I
INTRODUCTION AND BACKGROUND

A. INTRODUCTION _

It has been suggested that the introduction of ceiling-
mounted destratification fans into rooms protected by "products
of combustien" type fire detectors may reduce the effectiveness
of these detectors. This report documents the tests, test
results, and recommendations concerning the effects of ceiling-
mounted destratification fans on "products of combustion” type
fire detectors arising from the experiments and data analysis
performed at the Naval Civil Engineering Laboratory (NCEL), under
. . sponsorship of the Air Force Engineering and Services Center

through MIPR No. N83-59. The expression "products of combustion”
is used synonomously with the word "smoke” in this report.

B. BACKGROUND

The purpose of a destratification fan is to circulate or
destratify the air in a room. Circulating the air in the room
avoids the layering or stratification that naturally occurs from
density differences in the air. This, in turn, prevents the
temperature gradient between the floor and the ceiling. from
occurring, providing a more comfortable environment. Currently,
ceiling destragification fans are commonly used in private homes,
commercial and industrial complexes, restaurants and clubs,
including Air PForce clubs.

Recent advances in technology have produced small, . self-
contained smoke detectors that are accurate and reliable,if prop-
erly installed and maintained. These detectors can provide early
warning of a fire, allowing more time for response before it
becomes uncontrollable. Past research has shown that air flow in
a room is an important parameter in determining the response time

_of a smoke detector. The other important parameter in fire
detection is the concentration of the smoke. A minimum concen-

* tration of smoke must exist or there will be no alarm. In a room
without destratification fans, the smoke emitted by the. fire
‘rises to the ceiling where it spreads out. To take advantage of_

. this mechanism, smoke detectors are usually mounted on the
ceiling where the smoke arrives first and has the greatest con-
centration. When ceiling destratification fans are introduced,

this mechanism is essentially destroyed or, at least, greatly
altered. The Air Force has requested NCEL to investigate and
assess the effects of these fans on the response of smoke detec-

tors and to 1identify criteria that will minimize these effects.
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SECTION 1II
ACCOMPLISHMENTS

Extensive testing and statistical data analysis were
performed at NCEL to qualitatively and quantitatively define the
effects of ceiling-mounted destratification fans on "products of
combustion®” type fire detectors. The testing was conducted in a
domed-ceiling concrete "burn building" with approximately 1,020
square feet of floor area. Four Sears three-speed, 52-inch
ceiling fans were mounted to the ceiling so that the blades were
approximately 10 feet off the floor. Eighteen BRK brand smoke
detectors (nine ionization-type and nine photoelectric-type) were
also mounted to the ceiling at various points relative to the
fans and smoke source. Each of the detectors was wired to a
"Visicorder" event-recording device which indicated the response
of each detector against time. A photograph of the test
facilities, fans, and detectors is shown in Figure 1., A
photograph of the instrumentation is shown in Figure 2, and a
schematic of the test facility is shown in Figure 3.

The test procedure was defined and testing was performed on
three configurations: (1) with no fans operating, (2) with one
fan operating, and (3) with four fans operating. The first con-
figuration was the "control"” test which defined standard response
times and patterns (i.e., responses unaffected by fans). Config-
uration 2 was intended to demonstrate the effect of one fan.
Configuration 3 was intended to demonstrate the effect of multi-
ple fans.

The source of the products of combustion was a burning mix-
ture of gasoline and oil. This source provided good repeatabil-
ity but still allowed changes in burning time and rate to be made
as desired. The smoke source was first positioned in the test
facility, as shown in Figure 1. Initially, the tests were con-
ducted,using 50 ml of the mixture of fuel to decrease the quan-
tity of smoke released, possibly ‘amplifying the effects of the
fans, and better simulating the early stages of a fire. The mix-
ture was measured out and placed in a metal pan, 16 inches in
diameter. The recorder was then started and the fuel ignited.
The data collected during the tests are shown in the appendix.
The results of the statistical analysis of this data are shown in
tabular form in Table 1 and in graphic form in Figures 4, 5, 7, .
8, and 9.
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QO = Sequence in 4 fan response pattern
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Figure 6. Average response patterns. w
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SECTION III
DISCUSSION

The results of the tests performed show two distinct effects
produced by the introduction of the destratification fans into
the test facilities. Most clearly, the delay between the igni-
tion of the fuel and the response of the detectors was increased
by an average 16.2 seconds. As was to be expected, the detectors
located closest to the smoke source were the first to signal
alarm. A schematic of the average response patterns for Cases 1
and 3 (no fans and four fans, respectively) is shown in Figure 7.
Careful inspection of the data shows that the longer the response
time for detectors in Case 1, the greater the increase in
response time for the same detector in Case 3 (see Figures 7 and
8).

The second effect of the fans is a decrease in the number of
responding detectors. This effect is shown most clearly in Fi-
gure 4. This effect can be explained by considering the limited
output of the smoke source and the porous construction of the
test facility. In a semiporous building, such as a typical
restaurant or club, some of the smoke is vented through open win-
dows, doors, and forced ventilation systems. This complication
can lead to an equilibrium situation in which the rate at which.
smoke is produced by the fire is matched by the rate of smoke:
dissipation through the various vents. If this equilibrium con-
centration is below the level recognized by the detectors, fewer,
on possibly no alarms will result. The equilibrium concentration
will be 1lower when the room has ceiling fans operating in it
because smoke that would normally be isolated from the effects of
ventilation will be mixed into the moving air by the circulating
effects of the fans. Thus, the probability of a fire going
undetected is greater, This effect was borne out by the data
collected in both the 50 and 25 ml tests conducted at NCEL. For
the 50 ml tests, Configuration 3 (four fans) had an average of
3.2 fewer responding detectors than did Configuration 1 (no
fans). In the 25 ml tests, Configuration 3 had an average of 6.9
fewer responding detectors than Configuration 1.

The limited output smoke source allowed practical repeatabil-
ity but restricted the tests to simulation of a fire at a single
point of its life. Although this is not an ideal simulation, the
etfect of the fans on the detector operation was not changed.
Rather, the data only give discrete points during the history of
the fire. Extrapolation of the data from the 25 and 50 ml exper-
iments further supports the idea that when the fire is small (in
the time region when the fire being simulated would perhaps be
modeled with less than 25 ml of fuel), the delay caused by the
fans may be greater. Due to the limited scope of this project,
however, tests to gather evidence to further support this extrap-
olation were not performed. Figure 5 shows this extrapolation.
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The response patterns shown in Figure 6 show that the intro-
duction of fans has minimal eftect on the air flow patterns imme-
diately around the fire, as evidenced by the similar patterns for
the first five responding detectors in Configuration 1. As the
distance between the smoke source and detectors is increased,
however, this similarity in pattern is lost. This indicates that
the etfects of the fans on the air flow in the room depends on
the number of fans and the distance between the smoke source and
the detector.

The detectors that showed the least detrimental effects of
the fans were those located closest to the smoke source, Numbers
1, 2, 3, 4, 5, and 6. However, the detectors which were located
at the highest part of the facility, Numbers 7 and 8, also seemed
little affected in the 50 ml tests. Detectors located directly
over the fans seemed no more or less affected by the fan opera-
tion than did those at equal distances from the smoke source that
were not over the fans. The data indicate that the response
delay for these detectors is actually reduced slightly (see
Figures 8 and 9). The detectors that seemed most affected by the
fans were those located at 1low points of the ceiling away from
the smoke source.

It was later speculated that the proximity of the smoke
source to the wall of the test facility might have affected the
data in such a way as to limit the generality of the results.
Additional tests were run to address this question. A The smoke
source was moved away from the wall to Position 2 as shown in
Figure 6. The results of those tests, although different in
absolute terms from the previous data (as was expected), still
supported the theory that the fans adversely affect the perform-
ance of the detectors. Similar increases in response delay and
decreases in the number of responding detectors were noted when
the fans were introduced to this arrangement.
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SECTION 1V
CUNCLUS LONS

The data gathered suggest that ceiling destratification fans
increase the response time for "products of combustion" type of
fire detectors. The magnitude of this increase depends on the
size of the fire, the distance between the fire and the detector,
and the number of fans operating per unit area. These data also
indicate that the number of responding detectors is reduced con-
siderably, especially during the early stages of the fire in
areas that are being destratified with ceiling fans. Since it is
impossible to predict exactly where a fire will break out, we
cannot reliably reduce the effects of these fans by minimizing
the distance between the detectors and the smoke source, except
by increasing the concentration of detectors in the room. Fortu~
nately, except for the very early stages of the fire, the delay
produced by the fans is minimal for detectors near the smoke
source. Of perhaps greater significance is the reduced number of
responding detectors in destratified rooms. This effect, too,
can be somewhat compensated for by an increase in the concentra-
tion of the detectors. It is therefore the recommendation of
NCEL that the area covered per detector in a room equipped with
ceiling-mounted destratification fans be reduced approximately
50 percent. This will reduce the 1likelihood of a fire being

" masked by the fans operating in the room.
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CUMULATIVE TEST DATA SHEET

Fan Speed: medium
N No. of Fags: &4 Date Prepared: 7/20/83
ix: Smoke Source: 25 ml gas Data Collected: 7/16 - 7/20
h) ; Size or Quan: large pan :
.’ir’“
. Test # -+ 18 | 19 | 20 | 38 | 39 | 23 Std
b : Avg | Dey | #RESR/#
20,; Detector Code 1 2 3 4 5 6
eES!
0N 1 I 20 | 21 | 28 |18 | 19| 20| 21.0| 3.6 | 100%
- 2 E X X X X X 7 | 74 X 17% .
b
_;:g:i. 3 E X so | X X X s7 | s3.s | 4.9 33%
U‘E'ﬂ‘
e 4 I 13|16 |19 | 13|15 2| 15.8| 3.0 100%
s 5 I 16 | 16 | 15 | 13 |16 | 15| 15.1| 1.2 | 100%
[
i v 3 E X 27 | X X X 57 | 42.0 | 21.0 33%
S, 7 I 15 | 17 | 18 | 16 | 18| 16| 16.7 | 1.2 | 100%
8 E X X X X X 82 | 82 X 17%
,.}i‘
' 9 I X X X X X X X X 0%
L
s 10 E X X X X X X X X 0%
‘ 11 I X X X X X |12 | 112 X 17%
iy
R 12 E x | x | x x | x | x X X 0%
e
.,: 13 I X 471 | X X 40 | 42| 43.0]| 3.6 50%
- 14 E X X X X X X X X 0% .
vt
'*;}..j 15 1 X 36 | s1 | x 91 | 99 | 69.2 | 30.5 67%
N 16 E X X X X X X X X 0% :
35 17 I X X X X 4 | 715 | 59.5 | 21.9 33%
hﬂ ‘-:
RS 18 E X X X X X X X X 0%
Wy
A Number of
it Resp. Detec. 4 8 s 4 7 | 12 6.6 | 3.1 36.7%
18
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AN CUMULATIVE TEST DATA SHEET

Fan Speed: medium
No. of Fans: 1 Date Prepared: 7/26/83
Smoke Source: 25 ml gas Data Collected: 7/26

Size or Quan: large pan

Test # » ss | s6 | s7 | s8 | s9 | 60 sed |
avg | o9 | 4RESR/#
Detector | Code 1 2 3 4 5 6

1 I 19 |15 | 18 | 19 | 26 | 18 | 18.8 | 2.9 | 100%

2 E 23 |x | x |x [x |x | 23 X 16.7%

3 E 37 | x |31 |25 | x |21 | 285]| 7.0 66.7%

4 I 15 |13 13| 1216 |13 |113.7] 1.5] 10

5 I 18 | 16 | 16 | 16 |16 |14 [150] 1.7 100%

6 E X |30 |3 |63 |27 | x | 375 |17.0] 66.7%

7 1 19 | 16 | 15| 16 | 16 | 16 | 16.0] 1.7 1009

8 E X |103 | x |ss | x |4 | 66033 50%

9 I X | x |x | x |x |x X X 0%
10 E x | x | x [ x [x |x X X 0%
11 I 81 X 40 X X 35 52.0 [ 25.2 50%
12 E x |x | x | x |x |x X X 0%
13 I 40 | 43 | 65 | 70 | 38 | 53 | s1.5 | 13.5 | 100%
16 E x |x |x | x |x |x X X 0%
15 1 60 | 31 | 32 | 36 | 82 | 72 | 48.5 | 22.5 | 100%
16 E x |x |x | x |x |x X X 0%
17 I 33 | 68 | 8 | 73 | 58 | x | 64.4 |20.2 | 83.3%
18 E X [ x | x |x [x |x X X 0%

Roo: Dorec. | 10| 9|10 |0 | 8| 9| s3] - 51.7%
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CUMULATIVE TEST DATA SHEET

Fan Speed: 0 '
No. of Fans: 0 Date Prepared: 7/20/83
Smoke Source: 25 ml gas Data Collected: 7/20 - 7/
Size or Quan: large pan
Test # ~» 40 41 42 43 44 45 Std
Avg Dev #RESR/ #
Detector Code 1 2 3 4 S _ 6
1 1 13 12 18 17 12 13 146.2 2.6 100%
2 E 24 25 22 32 53 27 30.5 | 11.5 100% .
3 E 43 51 43 24 24 27 35.3 | 11.7 100%
4 I 10 10 13 14 8 9 10.7 2.3 100%
5 I 11 10 17 15 11 13 12.8 2.7 100%
6 E 23 28 27 21 24 24 24.5 2.6 100%
7 I X 14 19 19 15 14 16.2 2.6 83.3%
8 E 50 66 27 45 34 63 47.5 | 15.5 100% :
9 I 43 | x | 43 |76 | 32 | x | 485 |19.0]| 67% |
|
10 E 103 | X % | x | x |X 88.5 | 20.5 33% ]
11 1 83 X 36 42 38 55 50.8 | 19.5 83.3% j
|
12 E X X X X X X X X 0% j
13 I 41 51 38 37 36 32 39.2 6.5 100% |
: 14 E X X X X X X X X 0% .
e
~ 15 I 39 | 33 | 36 | 35 | 30 |35 | 36.7| 3.0 100%
2 |
é 16 E X X X X X X X X 0%
> 17 1 23 22 29 27 22 22 24.2 3.1 100%
ke
Y 18 E 30 | X X 32 | 30 | 36 | 32.0| 2.8 67%
Eg Numb £
] umper o
- Resp. Detec. 14 11 14 14 14 14 13.5 1.2 75%
e
\Q‘ 1
3 \
20 !

. . N
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CUMULATIVE TEST DATA SHEET
Fan Speed: medium )
No. of Fans: 4 : Date Prepared: 7/19/83
Smoke Source: 50 ml gas Data Collected: 7/7 - 7/19
Size or Quan: large pan
Test # = 9|17B (22 [22]|24 2534 {35 [36 {37 Sed
Avg Dev #RFSR/ #
- Detector | Code | 1| 2 3 41 5|1 6| 7| 8] 9 10
ii%% . 1 1 [18)20 | 19|24|18 |22 {26 {21 | 20| 18] 20.6 100%
N
;if' 2 E [52|69 | 56|55 |42 {4953 |90 | 48 [58[57.2[13.5| 100%
o~ ’ 3 E 64 | 25 59 159 31|47 (46 |52 | 39|47 |46.9|12.5 | 100%
"Dy
;?§; 4 T l18{13 [ 17}15[18 |18 )17 (17| 16]|14}16.3| 1.8 100%
fj;% 5 1 |12f13 | 16|15|16|1af17 |14 | 15(13|14.3] 1.5 | 100%
ey 6 E [18|73 | 292537 50|46 |45 | 23|25 |37.1[16.7 | 100%
2
,:§£ o7 1 [1f16 | 16|17 |17 |21 {21 16 | 16|15 | 16.9 | 2.3 | 100
o
N 8 E 6383 | 6759613868 (50 | 44 |59 [59.2|12.8 | 100%
. 9 I |95|x 10386 [82]92]|x X | X |X |91.6 | 8.1 | 50%
i |
o 10 E |x {x | x |x |x |x |x [x {x |[x|x |X 0%
v
e 11 I 56 | 33 47 | 65 |69 |41 |64 (84 | 49 |61 [56.9 [14.9 | 100%
.[;. 12 E [x |x X [x |x |x |x |x [x |x | x X 0%
AN
3§§ 13 I |s9(37 | 35 (62|45 |42 |36 66 | 47 |33 [46.2 |12.1 | 100%
35.2 14 E |x |Xx X |X |[X |X (X |X | X |X | X X 0%
- - 15 I |48 |57 | 52|61 |44 |47 |62 75 | 46 |39 [53.1 | -- | 100%
S
,f% 16 E |x |x | x [x [x |8 |x {x [102|x {93.5 {12.0 | 20%
‘ .. . -
ﬁ;ﬁ 17 I |56 |43 | 57 (82|59 |59 |56 |90 | 36 |63 [60.1 [16.0 | 100%
o 18 E |67 |81 | 66|x |72|x |72 ]x | X |76 |72.3| 5.6 | 60%
tia
N Number of
o Resp. Detec. |14 |13 | 14 [13 |14 |14 |13 12 | 13 {13 113.3 |0.67 | 73.9%
G
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CUMULATIVE TEST DATA SHEET

Fan Speed: medium
No. of Fanms: 1 Date Prepared: 7/26/83
Smoke Source: S50 ml gas Data Collected: 7/22 - 7/26
Size or Quan: large pan
Test # - 46 47 48 49 50 std
Avg Dev #RFSR/ #
Detector | Code 1 2 3 4 5
1 I 23 17 15 17 15 17.4 3.3 100%
2 E 31 23 | 43 33 20 30.0 9.1 100%
3 E 35 b4 47 | 26 26 35.6 9.8 100%
4 I 15 15 14 12 12 13.6 1.5 100%
5 I 14 | 13 | 12 |11 | 12 | 12,6 | 1.1 | 100%
6 E 26 18 28 15 28 | 23.0 6.1 100%
7 I 17 16 15 12 16 15.2 1.9 | 100%
8 E 39 27 36 17 60 35.8 | 16.0 100%
9 I 72 77 73 60 65 69.4 6.8 100%
10 E 141 X 145 83 92 |115.2 | 32.3 80%
11 I 40 35 33 37 32 35.4 3.2 100%
12 E X X X X X X X 0%
13 I 38 35 52 28 30 36.6 3.5 100%
14 E j212 | X X 61 | 52 |108.3 | 89.9 60%
15 I 59 62 46 | 31 28 | 45.2 | 15.6 100%
16 E X X X 51 49 50.0 1.4 40%
17 I 38 32 32 30 25 31.4 .- 100%
18 E X X X 41 27 34.0 -- 40%
:::;frn:;c. 1 {13 | 14 {17 |17 | 15.0 | 1.9 | 83.3%
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CUMULATIVE TEST DATA SHEET

SAE Fan Speed: 0

o No. of Fans: 0 Date Prepared: 7/19/83
S Smoke Source: 50 ml gas Data Collected: 7/7 - 7/18
Jg Size or Quan: large pan

= Test # + 712 26|27 | 2829 | 303132 | 33 Sed

<3 Avg | oo | #RESR/#
" ) Detector | Code 1] 2 3| 4 S| 6 71 81 9| 10

i 1 1 | w6)19 |17 f1e!16f16 | 13}12]14 | 13|15.0] 2.2] 100%
.- 2 E | 22[29| 25|27 | 31[43|32|16|40 | 43]|28.2{ 9.3| 100%
Eg 3 E | 27|29 50|26 | 50|52 31]27|43|33|36.8]10.7( 100%
ﬁ}' 4 { 12/16 | 1611 [ 15|12 [ 1111|116 | 11|12.9] 2.1| 100%
; 5 I 10112 [ 16|13 13]16 | 101011 | 10]12.9] 2.1 100%
'f:; 6 E | 17|25 [ 25|23 | 32|28 | 21|26]20 | 25(24.0| 4.2| 100%
:5_, 7 I 1515 | 1718 | 17{16 | 121012 | 14| 14.6] 2.6] 100%
- 8 E | 3237 | 48|37 | 33|50 | 393234 | 46|38.8 6.8 100%
E?: 9 I 30166 | 46 {33 |'28 |31 | 25|42 |30 | 32(36.3}12.2| 100%
;-f.: 10 E |116 |82 | 84|56 | x o7 | 77/80|72 | 80 |84.8]|17.9] 90%
- 1m | 1 | 28|35 | 40|37 | 3038 |38|33|27 |3 |3.0] 4.5 100%
f-‘:_j 12 E |x |55 |x [65|x [x |x |63]s4 |x [59.3| 5.6| 4o0%
b 13 I | 29|34 | 4158|3337 |32]28|29 |35/[35.6| 8.8| 100%
. . 14 E |75]85 |68 |96 |x [x |62|90]79 |53 |75.8|14.1| s0%
:" 15 I | 49|56 | 37|36 | 45|67 | 36 47|40 | 42 |43.5] 6.5] 100%
." : 16 E (98|78 [118 {54 [110 |86 [113 [67 |92 [129 [94.5(23.8] 100%
17 I 32|47 | 26 [25 | 34 {25 | 23 |55 |31 | 43 [34.1]10.8] 100%
‘g._ 18 E [ X |77 |40]2s [ x |x [47]x |x |x |47.3]21.9] 4o%
1 :‘:::'_"D:§ec_ 16 |18 [ 17 |18 | 16f1s |17 |17 |17 |16 |16.5] 1.3] 92%
“ot
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¢ ) Appendix B
% EQUIPMENT DESCRIPTION 1
g~

M
-"4 Fans: Sears 52 inch, three speed ceiling fan, No. 34H 90421L
4

X Photoelectric Smoke Detectors: BRK Electronics, No. 2001,

! battery powered
(ﬁ :

L Ionization Smoke Detector: BRK Electronics, No. 79R, battery
%“ powered

Instrumentation: Honeywell Visicorder.

24

~

s T TN A T S A YL S -
CPOUL IR PV JRaPOE O SO AUREIR AL W AACAC AR q‘.\-':*t




1%

’jﬂﬁ?:A;

Y

X

¢
T

! 1%

L%

LA

5.
Fi

e

Appendix C

TEST RUN DESCRIPTION SHEET
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Test Run Description Sheet
T;:f Date Smoke Source N;;B:f Speed
1 6/30 | 30 sec smoke candle 0 --
2 7/1 30 sec smoke candle 0 -
3 1/6 J min smoke bomb 0 -- !
4 7/6 (2) 30 sec smoke candle 0 --
] 7/6 30 sec smoke candle 4 med
6 1/7 S50 ml gasoline, small pan 0 --
7 7/7 50 wl gasoline, large pan 0 --
8 /7 50 ml gasoline, large pan 0 .-
9 1/7 50 ml gasoline, large pan 4 med .
10 7/7 3 min smoke bomb a 0 --
11 7/8 50 ml gasoline, large pan 0 --
12 7/8 50 ml gasoline, large pan 0 .-
13 7/12 | 25 ml gasoline, large pan 0 --
14 7/12 | 50 ml gasoline, large pan, 0 -
15 7/12 | 25 ml gasoline, large pan, 0 -
16 7/12 | SO ml gasoline, large pan 0 --
17A | 7/12 | 50 ml gasoline, large pan 4 med
17B | 7/12 | SO ml gasoline, large pan 4 med
18 7/13 | 25 ml gasoline, large pan 4 med
19 7/13 | 25 ml gasoline, large pan 4 med
20 7/16 | 25 ml gasoline, large pan 4 med
21 7/16 | 50 ml gasoline, large pan 4 med
22 7/16 | SO0 ml gasoline, large pan 4 med
23 7/16 { 25 ml gasoline, large pan 4 med
24 7/16 | 50 ml gasoline, large pan 4 med
25 7/16 | 50 ml gasoline, large pan 4 med
26 7/18 | 50 ml gasoline, large pan 0 --
27 7/18 | 50 ml gasoline, large pan 0 --
28 7/18 | 50 ml gasoline, large pan 0 .-
29 7/18 | 50 ml gasoline, large pan 0 --
30 | 7/18 | SO0 ml gasoline, large pan 0 --
k)| 7/18 | 50 ml gasoline, large pan 0 -
32 7/18 | 50 ml gasoline, large pan 0 -- .
3 7/19 | SO ml gasoline, large pan 0 --
34 7/19 | 50 ml gasoline, large pan 4 med
35 7/19 | SO ml gasoline, large pan 4 med
36 7/19 | 50 a1l gasoline, large pan 4 med .
37 7/19 | 50 aml gasoline, large pan 4 med
38 7/20 | 25 ml gasoline, large pan 4 med
39 7/20 | 25 ml gasoline, large pan 4 med
40 7/20 | 25 ml gasoline, large paa 0 .-
41 7/20 | 25 ml gasoline, large pan ] “-
continued
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Test Run Description Sheet (Continued)

T;:f Date Smoke Source N;;n:f Speed

42 7/22 | 25 ml gasoline, large pan 0 .- ‘

43 7/22 | 25 ml gasoline, large pan 0 .-

4 | 7/22 | 25 ml gasoline, large pan 0 -

4S 7/22 | 25 ®l gasoline, large pan 0 --

46 7/22 | 50 al gasoline, large pan 1 med

47 7/22 | S0 =l gasoline, large pan 1 med

48 7/26 | SO ml gasoline, large pan 1 med

49 7/26 | 50 ml gasoline, large pan 1 med

50 7/26 | 50 =l gasoline, large pan 1 med |
° 55 7/26 | 25 =l gasolin:, large pan 1 med

56 7/26 | 25 =l gasolin=, large pan 1 med

57 7/26 | 25 ml gasolinz, large pan 1 med

57 7/26 | 25 ml gasoline, large pan 1 med |

59 7/26 | 25 =l gasolin~, large pan 1 med

60 7/26 | 25 =l gasoline, large pan 1 med |

61 8/8 50 =1 gasoline, large pan 0 -- ﬂ

62 8/8 S0 ml gasoline, large pan 0 -- |

63 8/8 25 ml gasoline, large pan 0 - |

64 8/8 25 ml gasoline, large pan 0 -~ !

65 8/8 50 ml gasoline, large pan 4 med

66 8/8 50 ml gasoline, large pan b med

67 8/8 25 ml gasoline, large pan 4 med

68 8/8 25 al gasolipe, large pan 4 med

NOTE: Runs 61 to 68 were conducted with the smoke
source in position 2. All others were conducted with
the smoke source in Position 1.

#Vent open
bﬂalf covered

-7
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Appendix D

FUNDS EXPENDITURE CHART
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Appendix E

PERFORMANCE AND COST REPORT

Materials:

(4) Fans 399.96
(4) Fans Mounts 99,96
(4) Fan Extensions 79.96
500 £t Wire (2 cord) 22.30
(1V0) Wire Connectors 4.14
16 x 100 ft Polyethelene Sheet 77.00
(2) 4 in. by 60 yd Duct Tape 68.00
(1) Ionization Smoke Detectors 143.30
(10) Photoelectric Smoke 229.30
Detectors
(4) 50 Extension Cords 25.64
(5) Boxes Smoke Candles 72.00
Construction Material for 132.48
Partition
Shipping 18,22
§1,372.26
Labor:
Facilities Preparation:
Carpenters $2,054,.00 (56 hrs at $36.68/hr)

Engineers

Test and Evaluation:

RIS ;A...TT'I‘J'I‘!‘)fﬁfﬁf’ﬁ’f*f’:':’:’:’:’:’:f

390.00 (10 hrs at $39/hr)

Engineers $1,560.00 (40 hrs at $39/hr)
Report:
Engineer $ 858.00 (22 hrs at $39/hr)
Technical Writing and Editing 750.00
$6,984.26
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