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Drainage of air foam in case of coexistence with a
principal ingredient of dry chemical extinguishing

agents and with a petroleum

by R. Nii

(Received Deccmber 17, 1962)

Air foam and dry chemical extinguishing agents are used at the same time in some recent cases of
aircraft fires. We cannot use in these cases an ordinary type of dry chemical powder for B-fire (the
classification of fire in Japan), because the dry chemical powder, which consists of NaHCO; as a
principal ingredient and a metal stearate as an additional, breaks up faster air foam.

Some new types of dry chemicals, which are compatible with air foam, have been lately brought to
market in U.S.A. and West-Gcrmany. However, it is not clear, how much air foam is influenced by
such a chemical reagent as NaHCO; or KHCO; or CaCO; or (NH4)2HPO,, which is available for
dry chemical extinguisher on an extirguishing principle, when it is mixed up homogeneously with a
chemical reagent as mentioned above.

An experiment about drainage of an air foam of protein base (Schaumgeist 36) was made by the
author in case of additions of those chemical reagents as mentioned above and some petroleums
differed in boiling point. (S. Fig. 1 for the experimental apparatus.)

The author is led to some conclusions from the result of the experiment as follows, as far as it
concerns with 259 drainage time of the air foam used : (S. Fig. 2, 3. 4, 5 for the details.)

1. In case of some addition of NaHCO; or CaCOj3 or (NH,);HPO,, but no addition of petroleum
to the air foam solution, No decrease of the 25% drainage time is found except the case, where the
added amount of (NH,)2HPO, is 2 g in weight. The addition 2 g in weight gives only a little decrease
on the 259 drainage time. Some addition of those chemical reagents, therefore, does not give no
desirable influence on the air foam.

The cause, that a useful dry chemical extinguishing agent only for B-fire is not compatible with
air foam, is owing not to NaHHCOj;, but to metal stearate.

2. In case of both additions, NaHCO; or KHCO; or CaCO; or (NH,)zHPOs and a petroleum to
the air foam solution, the author can point out as follows:

(a) The 25% drainage time in the case of some addition of a petroleum, which is less than
60°C at boiling point, is much larger than that of no addition of petroleum.

(b) In the case of both additions of an another petroleum. which is from 100 to 150°C or 150
to 180°C at boiling point, and NaHCOj; or CaCOj;, the 25% drainage time shows some decreases,
in the other case of both additions of the same petroleum and KHCO;3 or (NH,):HPO,, the 25%
drainage time shows some increases, in comparison with that of no addition of petroleum.

The chemical reagents, CaCO; and (NH,)2HPO, have a hopeful possibflity of application as dry
chemical powders compatible with air foam. This experiment was carried out in 1961 an d. Forschungs-
stelle fiir Brandschutztechnik an d. T. H. Karlsruhe, West-Germany. The author wishes to express
sincere thanks for the kindful instructions and helps of the director of the Forschungsstelle. Dr. G.

Magnus, Dr. M. Friedrich and his coworkers at this opportunity.
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Structure of the Diffusion Flame of Liquid
and Solid Fuels

by. K. Akita

(Received January 22. 1963)

In general, the flame usually appeared in a fire can be regarded as a open diffusion
flame stabilized on the surface of liquid or solid fuels. This flames are different from the
jet diffusion flame which has been studied by many investigators in that the flow rate of fuel
gases supplied to the flame is very small. In this report, the structure of such flames of
laboratory scale was studied by means of flame photography, flame spectroscopy, particle

track technique and temperature measurement.

Preparation of flames

Liquid fuels such as methanol, ethanol, acetone, amyl acetate, gasoline and benzene were
burned in a cylindrical brass vessel of 23mm

diameter or on the wick of a Hefner lamp. Wood

and sawdust were pyrolized in an electrically

heated porcelain tube shown in Fig. 1, and its
products were kindled on a burner mouth having
a rectangular cross section of 20mm X 5mm. This

burner was capable of adjusting the flame height

by a change of the heating temperature. In the

case of coal, the pure coal gas produced by a
Fig. 1 A burner used for making the medium-sized generator was supplied to a circular

diffusion flame of wood and sawdust burner of 12mm diameter, or a rectangular burner
of 30mm x4.5mm, with a low flow rate of 50c.c./min~300c.c./min and ignited by a pilot
flame. These burner flames were considered to have the same structure as those on the surface

of the solid fuels.

Experimental methods and results

(2). Flame photographs through a ultra-violet filter.

In order to get a clear profile of blue part in the flame without a iuterference due to the
intense radiation from a luminous part, the flames were photographed through a filter
which allows only ultra-violet light ranging from 3000A to 4000A to pass, as was shown in
Fig. 2. A set of results obtained by the flame on the surface of liquid fuels and on the
burner of solid fuels, wood and coal gas, are given in Photo. 1.

From a eareful observation of this photographs, it is easily found that the diffusion flame
is composed of a outer blue sheath which is usually difficult to see and a yellowish luminous
core surrounded with the blue part up to its tip, and that the blue radiation from the sheath is

specially strong at the base of flame. Further the luminous core seems to be separated frcm the
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blue sheath by a narrow dark zone, and so the former can at

§'OOT least not be considered as a remains of the latter. This
_; 8or double structure is also shown in the direct photographs of
:(;3: i flames coloured with sodium chloride (Photo. 5).
'g; 6Oj (2). Emission spectra of blue sheath
8 The spectra of the radiation from the blue sheath were
=40 : observed by use of a quarz spcctrograph and a panchromatic
20 F plate. The results for the flames of wood and coal gas are
- given in Photo. 2, with a spcctrum of inner cone in a

0 L — premixed flame of the same coal gas. According to the results,
A0 320 400 480 .
these spectrum composing of C,-, CH-, OH-, and HCO- bands
Wove Length
nath Cwo are so similar that it is difficult to discriminate between one
Fig. 2 Tsansmissivity of another. It is understand, thus, that the blue sheath of these

ilters used in this . . . .
f diffusion flames corresponds to the inner cone (reaction zone)

experimeut.

of pre-mixed flame.

(3). Flame photographs based on scattered light
For the purpose of clarifying the structure of yellowish ccre where fine carben particles
emit visible and infrared radiations thermally, the flame of liquid or solid fuels was
illuminated by a thin vertical beam (lmm width) of ultra-violet light from a high pressure
mercury lamp, and then the light scattered by the carbon particles was observed photogra-
phically at the direction of right angle to the beam. Arrangement of experimental apparatus
and typical results of diffusion flame of coal gas

Concave . .
Cﬁ,’ff,“o"f Stt G?"‘e"a Mirror added a quantity of benzene vapour for increa-
|_ itter

sing its scattering intensity, are shown in Fig.

8 and Photo. 38 respectively. A spectrum of

Mercury

Lamp scattered mercury light obtained by a small
Spectrograph l--\ Iz spectrograph with a broad slit is also given in

Burner Photo. 4.
Fig.3 An optical arrangement for the flame By this procedure, it is found that the luminous

photograph based on scattered light. core of the flame is a hollow, and carbon particles

exist only in the outside region close to the blue sheath. In particular, this tendency is
remarkable in a sooty flame.
(4). Flow lines by partiele track method

The flow lines in and arround a short flame of coal gas were studied by the particle track
method using the fine powder of magnesium oxide. A few photographs of the flame with
particle tracks are given in Photo. 6 with the one obtained by the pre-mixed flame of the
same fuel. These photographs show that all the stream lines in the diffusion flame are
directed to the flame tip without turning out at the surface of flame, and that a part of the
surrounding air flow enters surely into the flame at the rim of burner.
(8). Temperature profiles in the flame.

The temperature profiles in the diffusion flames of liquid and solid fuels were measured

by means of two optical methods; one is sodium line reversal method for the blue transparent
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Standard Ribon Sttt part,and the other is Kurlbaum method for

Filament Lamp  Flane | 1405 the luminous part. The fuels used here

are ethyl alcohol, amyl acetate, gasoline,

. Spectroscope
N\, Opticat rometer

wood and coal gas. The experimental

\ arrangement is shown in Fig.4. A corre-
T ol % cted tungsten lamp with ribbon filament

’s pesd 5 o elescope X
= cou was used as light source, and a beam from
PRotentiometer the source was passed through a flame at
Fig. 4 Experimental arrangement used for the situation recided previously by a

det ining the t g ] 1
f;aemrmznmg e temperature of diffusion telescope. Three examples of the temperature
e,

profiles and a list of maximum temperature
of the flames are given in Photo. 6 and Table 1 respeetively.
Table 1 Maximum temperature of diffusion flames

Fuels ( Wood | Ethyl alcohol | Amyl acetate Gasoline (;(Z)zi}n%ﬁ:)* (2C282C1/1gnai?‘l)*
]Ma"i‘““m flame] 1540 | 1570 | 1560%% | 1420 | 1620 ‘ 1670

temperature (°C)

These results indicate that the temperatures of the blue sheath, particularly at its base
and tip, are higher than that of the inside of flame, and that the temperature profile and
maximum temperature of the flames are not much different from each other, regardless of
the flow rate and the kinds of fuel.

Consideration of results

In a usual diffusion flame such as that of a fuel jet, it has been believed that air diffuses
in through all the surface of the flame®% In this case of liquid or solid fuels, however,
the air is led into the flame mostly at the rim of the fuel vessel. No evidence was shown
by these experiments that the air diffused in through the side boundary. The fuel gas and
the surrounding air seems to mix and begin to react mainly at this part, and next these
gases ascend, forming a zone named blue sheath, along the outside of the flame. On the
other hand, the rest of fuel gas ascends forward the tip of the flame without receiving any
changes except that a part of the fuel gas closed to the sheath decomposes thermally and
creates carbon particles. Then this flow of unburned fuel gas containing carbon particles,
was distinguished from the outer reaction zone, and was called the luminous core for reason
of emiting a yellowish radiation based on carbon particles.

Thus it becomes clear that the diffusion flame of liquid or solid fuels is made up of
two zones which are entirely different in itseef. The further considerations on each parts
of the flame —the blue sheath and the luminous core—would also be useful to make clear
the flame structure.

The sheath as a mixing and reaction zone ‘

Using the concept of double structure, it is quite natural for the sheath regarded as a

reaction zone, to emit the C,, CH (3900A band system), CH (4300A band system), OH and

*¥ Value given in the parenthesis shows flow rate
** Considering the difference of measuring method?, it seems to be unimportant that this value was
higher about 140°C than the one obtained by Hottel and Broughton?®.

_ 7 —



HCO band radiations, which are usually appeared in the inner cone of hydrocarbon flames,
and to have a maximum intensity at its base. A fact that temperature of the blue sheath
and the tip of core is much higher than the other part, can also be interpreted by the
same idea added the secondary burning of combustible products such as carbon monoxide
and solid carbons. Moreover, through the result that the maximum temperature of coal gas
flames shown in Photo. 6 is greatly lower than the maximum value of 1945°C obtained from
a pre-mixed flame of the same fuel, we can guess that the composition of fuel-air
mixture in diffusion flame, even at the base of blue flame, would be much different from
the stoichiometric ratio.

The luminous core as a pyrolysis zone

In a diffusion flame of small flow rate, carbon particles produced at the near surface of
inner core are burned cut in a clcsed tip cf the fleme. Then ro sclid carben appears in such
a flames. But if the flow rate becomes larger than a critical value which seems to be
determined by the fuel type and the burner condition, carbon particles begin to escape frcm
the top of flame owing to a open srructure of its flame tip. This carbon particles are
successively grown up into soot as a rcsult of coagulation, and visualizced.

It is also interest that a yellowish inner core decreases its luminosity with the decrease
of the rate of fuel gas flow and at last it shcws a peculiar appearances as hanging faintly
in a center of the blue flame. As is stated above, since the temperature of flame is hardly
changed by the flow rate of fuel gas, this result shows the luminous core scarcely play a
special role in keeping a stable flame,

Summary and applicaion to fire extinguishment

According to the results obtained here, the behavior of the diffusion flame of liquid and
solid fuels may be successfully explained by a concept of double structure made of a outer
sheath in which a mixture of fuel gas and surrounding air reacts and a inner core in which
the unburnt fuel flows being pyrolyzed partially at its outside part. Although the core
emits a luminous radiation based on heated carbon particles, it is not so much important
for the stabilization of flame as the sheath which controls the burning rate. In these
flame, moreover, diffusion process of fuel gas and/or air is not always essential as compared
with the aerodynamical mixing process at the rim of fuel vessel or burner.

Thus, for the purpose of taking off the flame, it is most important to break down the
fundamental functions of blue sheath, and hence one may arrive at a conclusion that fire

extinguishing agent should be applied effectively to this special part of flames.
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Photo. 1 Flame photographs through a ultra-violet filter
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Photo. 2 Emission spectra of diffusion flames
a) Blue base of coal gas diffusion flame ; Exposure 10 hrs
b) Blue base of wood diffusion flame ; Expcsure 18 hrs

¢) Inner cone of coal gas pre-mired flame ; Exposure G hrs

Photo. 3 Flame photographs based on the light scattered by carbon particles.
Left shows a upper part of unsooty diffusion flame of coal gus added a
small amount of benzene vapour; middle a lower part of the same flame;
right a sooty diffusion flame cf coal gas. Also arrows show a range pussing

the primary light.

Wave Length 4000 4500 5(1)00 6000 (X)
| ! |
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ot

5461 5769

Photo. 4 A spectr:im cf scattered meirciry light

)  Scattered light
by Primary mercury light
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Photo. 5 Photographs of diffusion flame with particle tracks.

Left and middle denctes a view of particle tracks in and around the

diffusin flame of coal gas; right a view in the pre-mixed flame
of the same fuel.

¥ 1540°CIE

—=
Sflow rate ; 210 cc/min flow rate ; 80 c.c/min
@) Coal gus flame b) Alcohol flame on wick

Photo. 6 Temperature profiles in diffusion flame.
Values obtuined by sodium line reversal method and Kurlbaum

method are overlaped on the photographs of diffusion flame
colored with scdium chloride.
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FRBEER R BRI T D B aiciE Fig. 1 10R
TROBREBIPLETHD, DhbnXZ DL D 8H
B2lEO B 7 > OMUREEABR L 72, @I
ABTFUCEMPR Y 70HE%E, @RIy Yy THT
» DG32ME NSy )y ez rBflifiLiz, 7
7Y OIS Y8 b DAL » 1O C & LT
FU—=2« HRZ— Y DIHBET M N Lz, KX
HEOIIZ M EVERR S — 2 i E N, f#% 89mm, L&
E20m THD, ® THFHYAEHET, EOMLOITHS
ESINIHHEOE F A4 7V REOHNIC S E A
T ANBEENMITTH Y, [MiiRiE 300mm, 1 ADLE

9

XlE5mTHD,

PR D 28l Photo. 112, ZoWiiNz
Photo. 2 |2/0T, EL{HH OIiL S NI EREZE XL,
Photo. 2 iHD / A L@%jH->T, TT7X—E Q%
ML, BESFL@ON oM EiRET D,

ITE—EYEERED 7 7 Y@L, [MzIZFERRN,
@SN DR WIS 2RO K D RN Z I L
THRVNAS, /R = 4,

JR 7 UL RS, HEME O /MEl% Photo.
3,4,5I1CR7,

HEMIBEIHR O T:04i50(1% Table 1 15T &0 T
»H>d,
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AL

Fig. 1 & B B 8 W 2 @

(Smoke-drawing unit for experimental use)

Photo. 1 # M B 4 #l

(External appearence of the exhaust fan)

Z 1
U._.__._,
I s
Photo. 2 #E MW £ W Wi X
(Sectional view of the exhaust fan)
@OT7—2—-ry @/FANV @ @77  @UAL
(Air-turbine) Nozzle Exhaust port Fan Air inlet
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Photo. 3 HE M % % 7 ., B
(Exhaust fan, steel duct and flexible air-pipes)

Photo. 4 M H 7 v v, % & &%
(Blower and airhose used for the experiment)

Photo. 5 i LIl wpnimryyr&rny
(Engine and blower arranged on the frame of a car)
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Table 1 Hf M £ B R + ® H x

(Charactcristics of the new type exhaust fan and its attachment.)

i & .
Airflow 150 m®/min
7 7 v J F
Fan Outlet air press. 420 mmAq
A ]
e Input 12.5 kW
:EE h i ¢ & Intake airflow 0.45 kg/sec
Xhaust 1an V4 — I > A 2 E
Turbine Inlet air press. 1.9 kg/cm2abs
A i3 .
Inlet air tempelraturex 70°C
&l iz 54
Speed 16000 rpm
Total weight 16 kg
Xirﬂow 0.45 kg/sec
7 v 7 {l 1 IE
Blower - Outlet air press .M 2.0 kg/cm? abs
J] i ;
Speed 37500 rqm
gy |l g A
Engine || I Power 70 FP/2500rpm
3 RROBELZSUICHR
7uvofhillEIoIl 2y o IRROK: P
W, 707 OREISHLE M HIT DT LN TERD 600 |- N
51, 7870 31500rpm {1 F TOMIL T, B B\ Q
} s Ay e
PR 7 7 v otkRER R L 72, 500 . s
e 7 7 ~ OIET- Photo.3 1233 & 5 i R 0 N ',n
# 247mm, £ 700mmOFEZ 7 2D (T, & > / \,
DI HHE 2R A L, JHEEORE 2 LI T § w00k /I /Y‘
L7, 7 7 ZublNIOATEEE 7 FHRIEICE P~ 7 I g,
HaEEIALT, FLMEUFHHEROKGTAY 7 4 g J ) 2,
ac '
ZUZE DML 7z, N Y3 300 F / //
B ofs e Fig.2 1259, Wi i, : é‘ ] y
T L c Hh 2, :: b P
S @
200 [
&
?gao a"r
100 o
4 L 1
50 100 150
' ("in)
Airflow

Fig. 2 BEMigg & HEMS Ve
Performance curve of the new type exhaust
fan and the flexible air-pipes.
real line : experimental value
broken line : expected value)
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4 RBBERODEE

71 Y OullEdE 2 FE D 37500rpm FTHITHN
B olzfzd, WEIHHEREO R AIC 1 DYAE2 [
NODBLEZTERNo1-H, Fig. 2 O §iR2%2
&, HIERCEDUBERNTCENTEIND,

5 &

BEER 2 B2 LHICL THAIT 2 & & 07esiR
ELT, MCELELK.K.TIEROZ—FK+7uy
NRERRINTND, BEDIZDIZTO7 0T DN
5l Photo. 6 I, iz t% Table 2 [Z/RT,

FRPHEROBBILAREAE THATELOON
mbDTHD, HHEMTELETK. K. CTREABEE
PRIIMBE R T EnENR2HY L, X DI8F
367E 7 Flzsem Lz,

BB, HREHEROBRECMRSnBIIShiz X
WEAETWELROREE, BELATK.K. X UiHEN
WIET D /5 2126 Lo S@iaed L 1T D,

51 A X ®

1) W. E. Clark ; Fire Engineering, 113, 302
(1960)

AP AT T 150 m3/min @ A& THBH
5, 2B 1HICLTHAET S E 300 m? /min & 740 B
BOWRIEAHNDERS, COMZDNTIEH 2
HTHINDdDTFETHD,

&

Table 2 JEREEEH] 7 v 7 FEHTT

(Turbo-blower characteristics)

BCo® @ mO#R
Speed of the driving shaft

O OmE E ¥

Blower speed

2600 rpm

29000 rpm

Jol It

Air press. 2.0 kg/em? abs

. Airflow " 0.7 kg/sec
A JI
Input 100 I

Photo. 6 H M & %2 — 4% « 71 7
(Turbo-blower for the exhaust fan)
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14 Report of Fire Research Institute of Japan No. 23 (1963)

Studies on a New Type Exhaust Fan (1)

Performance Test

By A. Nakakuki, T. Moriya, U. Haruna
N. Nanba, C. Higuchi, A. Nakamura

(Received March 1, 1963)

We made a new type exhaust fan which can remove smoke and gas from a structure at fire effecti-
‘vely. It is a fan rotating together with the air-turbine which is driven by compressed air sent from a
‘blower through air-hoses.

The blower and its prime mover is set in outdoors and the fan is brought into the room. Smoke in
‘the room is drawn through flexible air-pipes as in Photo, 3 connected to the fan outlet, This fan
has such merits as described below in comparison with old type fans.

(1) portable weight (16 kg) and sige (290% x 485)
(2) large airflow (150 m?®/min)
(3) small pressure loss throughout air-pipes
Using smoke-drawing unit as shown in Fig. 1, the performance of the exhaust fan was tested.

Results are shown in Fig. 2.
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HD, HOD L RIZBIEA® 0 22580 EAIZHHT

5, E®DEHOREIZ ST G 280 cm?) 7H 1,
FHATIZY T 1040 cm2) 22D 1D, TAUCHZE M
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o S00—p

Fig. 1 HEEB OIS (Schematic view of the room where tests were performed)

Fig: 2 MRl bi X (Showing method of measuring smoke density.)
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20}

o
R (%)
Tima (min)

Fig. 3 Hms (Exp. No.I-1)
CIETE e — N MR
Smoke-drawing test—relation between smoke-.

density and time when all the openings of the)
room are closed.

—BCIED <, ZOERk% Fig. 310K, RQ#io
ﬁﬁd%ﬂ%@%wtaé SN D A T T I

FRABICEAL, BERETIRTRIESL D KA ENT
ﬁi?é#mﬁnb%@%%&wﬁ~w%cﬁ&%b
BT ENDN oI, TORRI SHERIC X DEE
BRI TR 2 DO LAY TH BI04 RIC1T RS &
ZiZliz,

T YYYBRIBBL, IEOREEHEL, @i HHE
IR D FE TICIZTWI0~2082 T D, Pz
v VIFERELEE) 2000 rpm,  L7-Ao T 7w T [H]
i 80y 30000rpm [Z 35 WNTIFE - 7,

WRFANIK D E Y TH D,
HOHEHIRBIZIE L TKD 3 &80 & L1z,

1 BE%H

I Fig. 112HDE D@ ELKMAEZ BHZAG AL

TAWIEEH

I BOOR 1 #EIET LTI

7212 L, BOEBPRIEBIENLE 2 — 1SRNz &30 D
THD, P Fig, 11250 - JmpE <, IR,
KF1m, KI1.7m @3 & bil8x, LidwAlt
& FHAWITIWT K% fo 7, Z0 #4 ik
Table 1 ZBZ Nz,

IV I SISO K D G CHHER 2 M0 70N 21

SRICHEiS B354

1. WOO—HZEILdLiosd

2. OO HEN@EHE L&
DPEMDIRME & L Bz,

Table 1 FHEME LIRSS (Result of smoke-drawing tests)

Exp. No. ‘ I-1 | -2 ' - -2 IIH*I |III—2
BRI 0D S ‘ w oo ‘ R YN 2:136) RO
Air-tightness of the room Closed Air duct set  One door @D open
RO IR 1= & D O = 1 :
Hight of the exhaust fan from the floor(m) ‘ 0 ’__ 1 0 -7 ‘ 0 ‘ 17
TV v Al 2000 | |
Bngine speed (spm) 2 0e0 | 2060 \ 2015 | 2024 ' 2010 ‘ 2000

AT 28 SRR } ‘ 107 | 90~ 108 1112
7 m 7 Outlet air temperature (°C) ~1151 123.5| ~1371 ~133
Blower N | 0.60 | 0.75 | 0.71 | i ‘ ‘
Outlet air press. (kg/cm?) | ~0.7£L | ~0.72
BE MR m [
Flow rate of the exhaust fan (m3/min) | *”9_6} 92 ‘ 75 ‘ 8¢ ‘ 9 l 88 L
th P ; 1 :
K ‘At the cenfrs | o.47] o8| o038 l 0.36 | 0.40 | 0.30 i
(1/min) HE B ‘
l X the side ofthe‘nallVJ*‘ 0.47| o0.48| o.as| o039 o0.43| 0.45

' H A H e T ;
K J:VJ:kaf)rjilea Q', At the centre | 94 | 96 ‘ 77 | 72 80 ' ¢
Q calculate( raom'K i A . ] ’ " [ - ‘ o l o
m?/min) At the side of the wall l 4 l 9 I

i P [
00 At the centre | 0.98 l 1.04 \ 0.81| o0.84| 0.81 ] 0.68 1’

= ki 5% !

At the side of the wall 0.98 ‘ 1.04 l 0.95 ‘ 0.92 i 0.87 ‘ 1.02 \
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Table 2 [JFAP G eiks R (Experimental result of natural ventilation)

Exp. No. ‘ v
‘ gheﬂgoo(rl)@&%pe% ' T v&gjﬂgﬂig@%oﬂl{)e“
1\". , ilt the een%%e | 0.032 ‘ °.18
(1/min) %ft the si('.s%f the wall 0.068 l 0.18
- N ~ ’ 1 R
(m?/min) At the side of the wall 1 ¥
5 HRBHEROBEMRE
SNEOEEBTIE, R S TS B & K=150/200=0.75 (1/5})

ETELMokns b UL TRt Al
FIU i KB O 2 (778 D oA O PR RIS D
WCHEZD, HEIZHWTHHEEO RdE 150 m?/
min TH Y, WAERUL 200m® ETHB0H (5) &K
1Y)

duvided by wlial denslly
=

XE BBt S

[=]

Smeke demnily

IR —ER 2 B P (TR b g,
T E NS

S=S, exp (—0.751)
ZZT, log(S/8e) & HHEBHMm BRI ¢ & D Wk
21 d D& Fig. 7 0L 5I24 3B,

WEBEEBHIARE D MEREED /10 127K
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Fig. T H5 37}6f THDHT EnHh
3,
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D5, TOEAD log S—t WHRIZ AT &
@L< Fig. 7ioRgdhTnd, P
[81% R 150me /min OBAED 1 /2 125
fansd,

Sl D IR C R D 35y A D HEREREI]
23Rk, LAlDOTDOEEA O PR &
it T 9 D&, Table3 DXSIZ
%5,

(4) &

Table 3 H-/¥ i 5L & HEREIE
Relations between flow rate of
the exhaust fan and smoke-dr-
awing time

Jiid i
Flow rate of the

96
(Exp.
exhaust fan No. I

eol Z 3 4 5

T )
Time (Min)

Fig. 7

flow rates of the exhaust fan,

42 D I bt 2 g D MY —INEI Y
Time-smoke density relations for various

)

~ (m?/min)
BE A % 1]
Smoke-drawing
time (min)

-1)

4.85

KRDE SO, 430 biRE—
PR Bms S Tmbnd & FIRe 750
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Studies on a New Type Exhaust Fan ()

Smoke-Drawing Tests

By. T. Moriya, A. Nakakuki, N. Nanba
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Using the new type exhaust fan described in Part 1 of this series, several smoke-drawing tests
were performed. The room used for the tests was reinforced concrete construction, and there were
several small holes in the ceiling and in the wall. Smoke density was measured by means of light-tra-
nsmissivity method. Next formula was found to be applicable when the smoke density was equal every-
where in the room during a test.

S=5Sexp(—K?)

Where S; and S is the smoke density at time t = 0 and t = t respectively, aud K is equal to (07A%
where Q is flow rate of the exhaust fan and V is volume of the room. Tests were made varying
sizes and situations of the openings of the room.

Efficiency of smoke-drawing is the best, when all the opemings of the room are closed, with the

exception of those above-mentioned small holes.
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