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(Circuit diagram for studying fluctuation of light)
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(Total fluctuation of flame light of a sheet of newspaper (a)~(b),
and a picce of match(b), converted into electiic current)
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(Circuit diagram for studying AC component of the flickering)

AT I e (TR

I mi
Ui Lo

= ——
-

-

-’g
’>_~=""~\
-~

g

L1

\
RN |

; (sec) ° 12 14 (Sec)

= P ]
T iwe

‘ Vi
U ]

10 42 14 (seQ)




-
-

L

Loox
I 4

Mv+{wﬂnﬂ'

& 8

10 12

(9 |
|

%mg

l

I

F%{A.M Jil
AR A
&' 2 4 ¢ 8

10 12 14 (Sec)

Fig. 4 #FEROGLO B R

(AC component of the flickering of various flames)
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Fig, 8 2T 102 #MaEx

(External appearance of 2T 102)

Fig. 9 2T 102 48M55IE
(Directional ct aracteristic of 2T 102)
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Fig. 12 OCP 71 OfFrIRE
(Directional characteristic of OCP 71)
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Table 2 Characteristics of OCP 71

Type ] 2T 101 2T 102 Type OCP 71
Photosensitivity Ve max (V) —25
(mA/4000lux) ‘ 2 l 4 emas (V)4 7B .

Ie max  (mMA) —10
Ve max (V) * 12 I 12
— - Sy e - We 1ax (mW) 75
Ie max (mA) ’ 20 | 20 - —
T o - Tj max (OC> 75
Pc max (mW) ‘ 50 ‘ 50 ;
- Photosensitivity ¢ 1.5~4 (forward)
Dark curr’ max (pA) ‘ (mA/807 lux) i 0.5~1.3 (upward)
\IC: —6V 200 ! 400 i
Mean photosensitive ‘ 7
N.F. (db) ‘ 20 area (mm?) |
T N B Dark current (uA)
fco (Ke/s) 1 700 Veo= —10V <300
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at 1m (a) and at 50cm (b) from the phototransistor)
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Fig. 25 (a), (b) OX SR 2, CoO#le
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EEDOEENGE TN D ¥ RED T ITIMHEH 10sA €
ROHFMKI 1R OREWBTND, L LED
HWTETY FONRP RTINS TN D & EL
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SN, FwvFOXERDI.8L—AENDTHT
Y F OO RE PME, BESRBRICIDTRIMZE
DTLDYLDEEZONBZDT, T OFEEDHAOM
HREEREVEBLS,

AR EEICERIT DR ksME, Fig. 25 TS
MIZE DI, I =1m D& X peak to peak ThLiAHY
10pA CTYEH pARBRETHD, LIz DTHEHET
NODOHIUTERD EET 1 2A D10 & 2 i2kilE
BOTET DX DICHI L TRITIE, $EB#HTHO1
mEENIo =Y FOREFHRIIT & BEEORIEIZ

LHECTHD, L AmEEN - T ey S DRDI6HS
FEDHIEIE D DORERINTEDIRIETHDIND, X
SURMMGRE U TR O B OIS A X DD
RIETHDENZLD,

PETIM 1 n A DA SITLARB ORI (ko
WIZMEOGEEIRA) 2HMEIE D0z 20D
DORUR LT H Y, ZOMNEOEBITROL DI
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TR DJIERIERIEHE F /MRS b T v I R Z 2 B
TGO TH DT, UHEIME B DORENE T ~
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FORBRMLCENTEDLN, P Ty IRAROHL
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iR EmRL T, EOHELFEE 60db~T0db & A
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2V 2RI AD BB A, BEOWEEE A
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6 mA THOMH A4 v/ OV AIGEERIEH 10mA &
EEDHE, RMPBOTETIEL, 10mA/1pA=104,
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TP AR IE 80db+20db=100db &2, &
o, WSS T 0 db BIF3b0nET 2L, JE
V40 db 2B nIERNC &icind, O THIC
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X
N 30u é% g
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10K
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Fig. 26 R0 E i X
(Synthetic circuit diagram)

) 2w EONELOCP7L T 2y & fllhoRE L.,

—_— 11 —



12

W7oy 222S LIBADHELEELT, M
FZ2EREMT2c&1z Lz,

Bl RROTEgE Fig. 26 D XD 104D, XT
TA L e b T YR A3 EWTIC B b’CE?)é?’]‘,
EOWTRERINL THRFEREN KT D c EhiHsk
D, L LZORPET &3 ATHES 20 i S
TRERHDOE, ZRNEABLOLDODEFNICIND
72T, WKEDHE R L, BN U T2 B0 4 2 R0
HD.

EIEM T T o Y 22 Ti~Tsix NEC 0 ST303,
T+ Z SONY 0 2 T8 2#nENMH LI, 2hd
Dt T I 22O Table 3, Table 4 2R d
WMocHsd,

FoTh & T: OFET BRAEKRICADTHNS 5ka
DIEHI& 2000F © 1 07 T, RS BEROKS
KD TCHDIEERORIRZIC 2dDFH Y 7Y
IMTHb,

Table 3 Characteristics of ST 303 (PNP,

Alloy Junction Type) (at 25°C)

‘ Type ‘ ST 303

| Ve umx (V) =
Te max  (mA) [ 50
Te max  (mA) |0
Pe max  (mW) | 50
Ti max  (°C) | 75
T (Ve=—6V) (uA) | <10
NF (PO @ |0
fo s Y (M) ‘ 1.4
8 (f=1ke) } 130
Power Gain *(db) { 46

¥ Ve=—6V, L.==1mA, Z1=20kq, Z;=2.8kn

5 #

PlEDXD, #0e fA LI KRIERZRO UYL
&, FEAROM, HERER R SOOI E
TR TLIZDT, IANICEEDTRELIZDITT
HDH, ChBERET 2 B3 ELPRT N &HE
NELEHBD,

&R, QIHORIUBCHER T2 Ll
TN L TR DO ENT BN, FTOHAINMA
BEREMTEOM, XOZEOBENE, OFF
mx@?Ml&éwwﬁmh&Uﬂﬁw’*W’®ﬂ
Bl RS EEO MANE ioE D00 X

Table 4 Characteristics of 2T 85 (NPN,
Alloy Junction Type) (at 25°C)

o P ype B ‘ 2T 85
Ve max (V) N ] 3
Te mag (mA) | 200
Ie max (mA) ‘ —200
P¢ max  (mW) ‘ 200
Ts max  (°C) | 7
Teo(Ve=—6V)  (1A) o<
fo (Mc) | 1
Ce (pF) |6
hygr (Ie=20mA) I 55
hre:  (le=100n:A) ‘ 45

4.6 HfemotEs

M% CRARCDRATORKEIL, NEXRFOMNE

PWTEDRLT 2 O FNC BT O IRIE BT &
ntwkaonwk%ﬁé%?émtib?«%ta
4% DI BB BT & UNRD
T, COHEICEBEEIEFZIEL THSWN,

U UBMEBTULR Lo /iR, REDIEMIBEIE K
RO KD THD, HIB, NEZTH»OHmEgENC
JTICRRA 15 10cm VYT O HRIHE O 462 BRPLIN
iCRiiTE, 1 m BEOHOYY FORTLEETD
BISORETH DI, COXDRIRERERDMD ST
R KB AR BRABTIRIEE A N8O GBS KRE
THOT, AARICLDIEHBTHDCTHIRLTEDD
DTHD.

DX RPMBEBETHDICHHHLLY, BAO
R, HULKTON, ETH & OFEFIC LD E2UIE
Fmeich-vac&hc&ic,

i

K, O DN « FRSEORGIRETHD,
Fo T DOKSERAIE, BTTO KK HABRS
THONTHNENH LWEINC < OTH DN D,
CRHFPLI N BIFICIEZ O B2 WIIED B
HMEN BV, o SHRONMEIC TN
RHgN,
KOIZAMFIC L DI 2 ) 5 2150 D7z 4015
FIOS AR, P E—RTHRE, MBS
FRBIEG CIHEE X TERAA) IR OHly
AOEEIC RGO 2R L ET,
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Photoelectric Fire Detector utilizing Flame Light

By

Y. TSUTSUI

(Received December 10, 1959)

The conventional fire detectors are mostly those which utilize the heat being generated in case of
fire, and are effective enough for the ordinary use.

However, for the specific case, such as at the places where a quick response is required or the
hot air current cannot be fully utilized, these fire detectors are less effective than those utilizing
light of flames.

Then the author thought that for the latter fire detectors it would be the most suitable way to
utilize the nature of flames that their light flickers, i.e., small and guick changes of lightness take
place successively.

Thus adopting the method to convert the fluctuation of {lame light into that of electric current by
maens of a suitable photoelectric element, take out AC component of the electric current by a simple
differential circuit, and then detect it by a special detecting circuit, the author carried out a study
and trial construction of the fire detecting device.

By various experiments, it has become clear that the repeating frequency of the flickering of the
flame is about in the range from a few cycles per sec, to ten odd cycles per sec., though it varies
more or less according to the burning materials and to the burning conditions. On the contrary,
the fluctuation of the normal artificial light or the natural light is generally out of this range of
frequency.

Accordingly, a band-pass filter, through which only AC current in the frequency band peculiar
to flames can pass, must be attached to the said detecting circuit, so that the device may be free
from false alarm possibilities due to the flickering of light emitted from an incandescent lamp or a
fluorescent lamp with frequency of 100 or 12, cycles per sec., or by induction from the commercial
circuits,

Furthermore, in order to minimize the possibilities of false alarms due to a large single impulse
current induced by a sudden change of lightness, such as lighting or {lashing of an electric lamp,
the detecting circuit system may be composed of a circuit which makes the amplitude of the alternating
or impulse current uniform at a suitable level (a wave-shaping circuit), and a simple integrating
circuit consisting of resitors and capacitors,

On the basis of the above-mentioned principle an tentative detector was made, and it is as follows.

As a photoelectric element in the tentative set a phototransistor (OCP 71) is used, since it excells
remarkably the conventional photoelectric elements in photosensitivity and is much smaller and lighter
than the latter, and the directional characteristics of OCP 71 is suitable for the fire detecting use.

A simple RC low-pass filter as shown in Fig. 20 and a coupling capacitor compose the band-pass
filter. Though the loss of this filter is comparatively large, the composition of it is very simple,
and it can be made easily and in small size,

As a wave-shaping circuit, a circuit as shown in Fig. 23 is adopted, and it transforms the input

current, AC or impulse, into impulses of constant amplitude.

— 13 -
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The integrating circuit is simply compose
Fig. 24.

Combining the above-mentioned elements and a transistor

d of a few resistors, a capacitor and a relay, as shown in

amplifier of an adequate number of

stages, a tentative set having such a synthetic circuit as shown in Fig. 26 was constructed. Its

properties are as follows :
(1) It can detect a flame of a sheet of newspaper about 10 centimeters square burning at the point
several meters apart from the photo-sensitive element within a few seconds.

(2) It can detect a flame of a piece of match at about 1 meter from the phototransistor.

Such sensitivity can never be attained by the conventional fire-detecting device according to other

methods,

14 —
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Fig. 1a
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(Sketch of the windtunnel-construction)
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Table 1

R &

s
(8)  P=_pSu3K,

Xid

(4) 1’:%{)1\'5113

Lip, ol K= )k GARESSO =4
WE RS, X K=SKi  SRRASHOTE

N —FROERFIICEES Lfﬂmfé’réﬂ i
— N T DGR EWT D, DF DEMHIIIRKTCH
éo(l)

(AN DG L XD ICARASIEIO = ¥ ~
BHEEERBE /RN, HRGRRET &N
TE>D,

K4, WHOOKImATE 60X 60cm? & LIz,
FOHIRT 40m/sec Dl O EHE BB C & &2 {FIEL
THEA Uiz. COBEROERISO T 30X —FIRE
2EH LA RER LICRT., LBELTEREBLD
BREGLITEO WO RKE B EE LIz, D@

WM& WS OHmITRT T+ V¥ —BHERY

(Resistance-coefficient and energy-loss-coefficient at each parts)

K B £ X W

Deflector 0.25 0.187 1D, 2) 20l
L { 1.4 (25 mesh)
Flow euqualizer 2.6 (30 mesh) 0.085 2)
WL, BRI O WRAT] _ 0.22 1
Jet-exit and entrance .
L
Alrscrew-f{an-parts 0.60 0.122 2)
A 0.17 (a=5°%)
?ﬁf%ﬁsﬁﬁ / 0.25 (a=9°) <0.102 2)

user l<0:70 Ca=60%)
Z DMl
The other parts - 0.002
&t
'?Otul 0.718

GBI K=2K:-0.718 &7 Vil Ao
PR, (19D 70.5mmAq, T ¥ —
B3 (4) AKX D137 &5, OF HL'-'J'L%:%@ i

RKEN DI INE 13.7P TH D, KON %

B DY) 2 RO E 0.8 & LT H R
DUHLBPHIL 13 THD

JIE Ttz 8 FH30P < H,u;;f TR 3D
roTohnERAILL,
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AEMIC DN TV AR O RER DBV TH D, K2ICZOFKWE - HLTRT,

Table 2 18 [i5 &
(Table of characteristics)

W W W m
Closed circuit type Open circuit type

W gk
Size of jet-exit 600 X 600m m 600X 600mm 1000 X 1000m m

% K T,

Min. tlow speed 1.5m/sec. 1.0m/sec. 0.5m/sec.

f’,}a'f J%f‘% speed 52m /sec. 35m/sec. 15m/sec.

BT TR .
Avauilable crosssectio of the working | about 500X 500mm — —
section

HIZEEBE T A SRS
Available length of the working about 700mm — —
section in directioa of wind

W N B MR A
Fluctuation ot dynamic press. in under 1.5% - -
the section

77 T S
Fluctuation of dynamic press. on under 1.5% — -
the axis

WA BEEIL L Ls_3.29 _

*P./PvuX 100 in cross section

A5 PO EE B 2.5-8.0%

Ps/PvoX 100 in direction of wind

T 78 0.46 — .

Power coelt, of the windtunnel

Lo o _ _
Intencity of tusblence about 12

* Pyo ¢ Dynamical wind-pressure at the center-point of exit-plane
P. : Static wind-pressure at each points in working section

41 BESH Fig. 2 RO Fig. 3 10R LI, MR FOESTEDBIE,
B TR micdold 2 BT, $HEDS 2 HEsy e Fig. 4 Bor Fig. 51CmR U,
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The Windtunnel Recently Constructed

mm Our Institute

By
T. MORIYA, S. HORIUCHI AND S. NOMURA

(Received February 22. 1961)

While a windtunnel for use in research of the effects of wind velocity on the fire and the
extinguishment thereof had been planned by the authors during these few years, the construction of
the windtunnel was completed in Sept. 1959.

The summary of the particulars of the windtunnel is as follows :

§ 1. The construction (see Fig. 1 and Photo.).

The windtunnel is designed as a closed circuit type (i.e. Géttingen type) tunnel. But if we want
to perform an experiment by establishing a fire in, or introducing water into the air stream flowing
through the working section of the windtunnel, we may take away a portion of the tunnel, which is
shown in Fig. fa with thick line, so that we can use it as that of the open circuit type.

The windtunnel is further designed so that we may utilize one or the other of two sizes of jet exits,
i.e. $0cmx60cm and 100cm x100cm. However, the latter jet exit, i.e. 100cmx100cm exit, can be
employed, only when the windtunnel is used as an open circuit type (see Appendix Fig. { and 2).

When it is used as a closed type windtunnel, the length of the working section in the direction of
wind is 90cm and the size of the inlet for receiving the air jet is 89cm X 89Ycm, while it is used as
a open circuit type windtunnel, a bell mouthed air inlet, whose size is 180cm in diameter, is used for
the detached portion, )

The airscrew-fan made of silmin is 100cm in diameter and has 10 vanes.

On the leeward of the airscrew, there are 17 guide vanes and a spinner. The airscrew-fan is driven
by a 8 Pole-30P Super Shunt Commutator Motor. The rotational speed of the motor, which can be
controlled electrically from the measuring-room, can be varied from 60 up to 1230 r.p. m., while the
rotational speed of the airscrew can be varied easily from 60 up to 2100 r.p.m. through a transmission.

A flow equalizer means is placed in the largest portion (180cm x 180cm) of the windtunnel. It is
composed of two 30 mesh and four 25 mesh wire nets (in Fig. 1, the numerals 1 and 6 indicate 30
mesh nets, and 2, 3, 4, and 5 indicate 25 mesh nets).

The windtunnel has four deflectors, of which the first deflector has 8 vanes, the second has 11 vanes,

the third has 14 vanes and the fourth has 19 vanes.

§ 2. The details of design.
The airserew-fan must be able to supply the required quantities of air and the total pressure decrease
which originate from resistance of the windtunnel.

The total pressure decrease may be given by the following formula :

i

(1) =Zpi=1/2:03 ’zviZ:I/Z-o‘—;(S/Sf)zkzv'z

)
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in which,
P, pi : Pressure decreasses (total and partial),
P : Density of air,
k : Resistance coefficient of part i,
S, Si : Cross-sectional areas (at jet exit and at part i),

v, vs : Speeds of flow (at jet exit and at part i),

The power supplied by the airscrew-fan to the air stream in the tunnel may be given by the following

equations :

2) P=7pSv=1/2:0Sv3Z(S/S:)*k!
or '

(3) P=1/2pSv3ZK;

or , '

C4) P=1/2+0KSv,

wherein K;=(S/S)%*: is an energy-loss-coefficient of part i, while K=XK; is power coefficient of
windtunnel. L

We designed the windtunnel so as to obtain a maximum flow speed not less than 40m/sec. at the
center of the jet exit of the windtunnel, when used as an closed circuit type.

The calculated energy-loss-coefficients K; are shown in the Table 1. From these values and above
equations, we may obtain p=70.5mmAq., and P=13.7IP. Thus we have ascertained that the
airscrew-fan must have the following design particulars :

Pressure difference produced must be not less fhan 70mm Aq., when the windtunnel is supplied
with air quantity over 864m/sec., coresponding to the flow speed over 40m/sec. and the power
supplied to the air stream must be less than 13.7F. Further the motor must be able to supply a
power exceeding 25, under the assumption that fan and transmission efficiencies are (.7 and 0.8.
In this way we have adopted a 8 Pole—30IP Super Shunt Commutator Motor, which had been in our

possession, as the repuired motor for the airscrew fan.

§ 3. The characterestics. )

The flow speed can be varied from the minimum of 1.5m/sec. up to the maximum of 52m/sec.
(Table 2).

The distributions of dynamic and static pressures at the working section are shown in Fizg. 2, 3, 4
and 5.

The intensity of turblence at the working section is found to be about 19 by measuring it with a
heat diffusion method (see Fig. 6, 7 and 8).

But it seems that this value is larger than a value expected from the capacity of the flow equalizer

of the tunnel. We are now performing a further experiment to examine it with a hot-wire method.

— 25
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