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Table 1

Details of various ducts used in the study on transportation of hi.-ex. foam

Namt;;)et;iduct Sd):;?tb 0& s e(()if Material Specsi}t;l;:;;ig?é.sizes, Manufacturer | Deformability
frame; 3cm x 3
foam-transport. é hick
duct of hi.-ex. ¢m x 3 mm thic the workshop almost
foam generator Dg %V:lhl?gf:ngt:il’ 3260:11 x 52 cm x ca. of our nothing
for experimental ent PVC plgxte : Institute
use 1.0 mm thick
Spiral part; Model D-300, inner dia.; TotakuC a little ol
: hard PVC, 303 mm, outer dia.; 313mm,| Kogyo Co. expansible
plastic duct Do Tube part; | thickness; 1.0 mm, pitch; | Ltd,(Osaka/ | and
soft PE’C 15.7 mm, length; 10 m Japan) contractible
Ground; vinylon- | 30 cm¢ x 20 m,
duct with D, tarpaulin 8070, framed with a ring (4 mmg)
rings (D, D;...)| coating; PVC, per 1 m
thickness; 0.5 mm
Bj 30cm¢ x S m,
spirat duct (B, B ) i framed with a ring (4 mm¢) | National able to be
1 =2 per 10 cm pitch Marine folded into
Plastic a contracted
Y-sh framed with a ring (4 mmg) | Co. Ltd. form
Y-shaped Y " per 1 m, 30 cmpx 2mx 2 | (Tokyo/Japan)
uct +30cmox 3m
framed with a ring (4 mmeg)
Reducer duct R W gzrc}'nrg’ 30 cme x 1 m+
30cmo x Im
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Fig. 1. Schematic diagram of the turboblower used:
Balancing Mechanism (B.M.) Type, Model No.
481-06125, manufactured by Sanko Mfg. Co.
Ltd., Yokohama/Japan
1; electric motor, 200V A.C., 3 phase, 2.2kW, 2;
pully-belt of 29 mm wide, 3; pully-belt of 15 mm
wide 4; turboblower, 5; butterfly valve for
adjusting air volume rate, 6; inlet for air 7; outlet
for air
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Fig. 2. Flow characteristics of the turboblower
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Fig. 3. Details of the hi.-ex. foam generator in which
the turboblower is used
1; the outlet for air in the turboblower, 2;
tapered duct, 3; duct for rectification of wind, 4;
flat honeycomb cylinder (30¢ cm x § cm, a side
of each hexagon = 3 mm), 5; plastic duct (Do,
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Fig. 4. Profiles of mean wind velocities at the duct
joint J¢ depending on the closing angle 6 of the
butterfly valve
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s. Table 1.),6; duct with a fog nozzle fixed and
two flange joints (Jg), 7; fog nozzle, 8; cone-
shaped polyester net for generation of foam, 9;
spiral duct (B;, s. Table 1.),10; duct for connec-
tion with a flange joint, 11; pressure gauge (0 to
10 kg/cm?)
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Fig. 5. Relationships between mean wind velocity on plan view of duct arrangement
duct axis and horizontal duct length from I for rjrbablgver of B.M. Type
several closing angles () of the butterfly valve /0 /Y “/F /B’l /B . /83‘ /B “« K P
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Fig. 6. Relationships between mean static pressure
and horizontal duct length from Jg for several
closing angles (8) of the butterfly valve
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Fig. 7. Relationships between water flow rate and
pressure at P for the two fog nozzles used

Fig. 8. Details of the sizes of the nets used*: (a) and
(b)
*; refer to the literature 4) for the details of the
used material.
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Table 2 Foaming capability of the hi.-ex. foam generator in which the turboblower is used, under

the optimum foaming conditions

Foamin Concentration of Mean wind Supply rate of Foam collected at
liquidg foaming solution | velocity at duct | foaming solution duct length = 10m
(vol %) center (m/s) - (1/min) Expansion ratio | 25% drainage time
2.5 4.5 T4
A 1.5 480 2'42
3.2 4.5 140 610"
2.5 4.5 Y
B 1.5 540 6'24
3.2 4.5 170 10'15"
2.5 4.5 T *
c 1.5 580 30
3.2 4.5 250 210" *
Remarks: air temperature; 31 — 32°C, temperature of foaming sol; 20 — 23°C, wind

p——-— 1500 ——3
—— 700 —H300-¥ 300 400

R, B#E2.5m/s (6=40°)D & %3 400 + 50, M %
3.2m/s (6= 0°) o & &{3200 & S0 AT T 5 4L

temperature in duct; 36 — 38°C, used nozzle: 3/8 Ex 470 (manufactured by Niikura
Kogyo Co. Ltd.), used net: shape; cone, made of polyester, net area; 1060 cm?, [see
Fig. 8, (a).] *; 50% drainage time
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Fig. 9. Foam collector for hi.-ex. foam

1; transparent PVC plate of 10 mm thick, 2; brass
net of 25 meshes, 3; 150 cm x 150 cm x 14 cm
deep, funnel which is made of stainless steel, at
whose bottom a small pipe of 10¢p mm x 50 mm
is soldered., 4; small pump for draining of
washing water, discharge rate = 15 1/min, 5; the
small pipe for draining down of faaming solution,
6; flexible PVC tube (10¢ mm)
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Fig. 10. Plan view of duct arrangement for hori-
zontal transportation with the hi-ex. foam
generator in which the turboblower is used
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Fig. 11. Relationships between mean static pressure
at Jg and time from start of foam transport. in
case of expansion ratio: 200+50
Pg; a constant saturated static pressure for the

max. transportable distance of foam,
Ap; a pressure difference between the front and
rear of the net in foaming

; continuous foam stream
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Fig. 12. Relationships between mean static pressure
at Jp and time from start of foam transport, in
case of expansion ratio: 40050
P¢ and Ap; refer to Fig. 11.
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Table 3  Static pressure loss in duct on horizontal transportation of air and foam with a hi.-ex.
foam generator in which turboblower is used.(See Fig. 10.)

i ity i M tati sure loss
Object of Migre‘ ::ngn::l veltg gltytm Expansion - can static pressr
transport nter ot duc ratio 1) Pressure difference between Pressure loss
at the front of the net front and rear of net, Ap per meter, p
Al 2.5 m/s — 0 mmAq 0.17 mmAg/m
o 3.2m/s - 0 mmAq 0.23 mmAq/m
E. 2.5m/s 400+50 4.0 mmAq 0.97 mmAg/m 2)
m
oa 3.2m/s 200450 4.0 mmAq 1.00 mmAg/m 2

Remarks: 1); for collected foam at the duct length = 10 m
2); for continuous foam stream
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Fig. 14. Plan view of duct arrangement for hori-
zontal transportation with the hi-ex. foam

generator in which the multiblade fan is used

AA Arrow-direction
View
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ca. m S S
— 8m 36 € m % 5 m
IF X ; measuring place of static pressure

Fig. 13. Side view of duct arrangement for hori-
zontal transportation with the hi-ex. foam
generator in which the multiblade fan is used
1; multiblade fan; SRS-No. 11/2-f-6 type, the
max. air volume rate = 40 m*®/min, the max.
static pressure = 50 mmAgq, manufactured by

EBARA MFG. CO. LTD. (Tokyo/Japan), 2; fog
nozzle, 3; net for generation of foam, 4; fixed
duct for foam transport. (DF,s. Table 1.), [Refer
to the literature 4) for the details of 1 to 4.1 5;
Reducer duct (R, s. Table 1.)6; spiral duct (B;, s.
Table 1)
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HITES N AR A $ A RAL FOEQRPIPT ¥ 2T DA/ ik (A A
S TnbIENbhrb,

2.3.2 HAERE L BIEHBRLXOME

BIENDONEILFig 13F D Ir b 5 20em B B DAL E
TiT-> 72 KPHBEEREZ 272012, Bid 7 ol
BEEZ T, HiEHEEOER RO FEHDEHTE
NoEEE 7oy L2, 20BRIZ, BIEEA 750
600, S00fENMMDBAIZ-DE, FAFN, Fig.16, Fig.
17, Fig. 18I RT &8N ThHb, ZNLDOHH L IEE

fe— 450 —we— 450 k— 500 —
e 1800 —he — 1800 3
! €———— Moving direction of hi-ex. foam 7 moving foam

;s piled foam

B DR s

Fig. 15. Profiles of foam streams in the duct (Dp)
(a); expansion ratio = 500130,
(b); expansion ratio = 600+ 30,
(c); expansion ratio = 750:30

1; fog nozzle, 2; net for generation of foam, 3;
frame for fixing the net, 4; Dy duct (0.52m x
0.52 m x 3.6 m), 5; Reducer duct (R)



Mean static pressure
near Jp(See Fig.13.)

40
[ ——— ; continuous foam stream
E3o_ ———~ ; intermittent =« "
O 0 Bduct unconnected { 0 m)
e ; 1XxBduct { 5m ) connected
20 o ;22X w ({104) »
1
WO 577 ame T ® o _o--o
D
N 1 \ 1 L 1 i 1

Time from start of foam transport

Fig. 16. Relationships between mean static pressure

depending on horizontal duct length near Jg and

time from start of foam transport. in case of

expansion ratio: 750+30

Pg: a constant saturated static pressure for the
max. transportable distance

icontinuous foam stream

iintermitient -
o-0----- 0---0-q0

2 E‘o Tt
S
&: 2X Bduct( 10 m ) connec ted
<
&= w15 .) -
R v (20 <) "
.gk * {25 %) ”
% X . X
¥ X >
s
L [ |
5
Min, 6

Time from start of foam transport

Fig. 18. Relationships between mean static pressure
depending on horizontal duct length near Jg and
time from start of foam transport. in case of
expansion ratio: 500+30
Pg: refer to Fig. 16.

750, 600, 5001% & B ICHEEETE L TMRTEEL
EEEE FNFNS, 10, 15mTHBI Ehbhrbd, I
DEEITIE, 2.2.2 TEHERDL ) LAp2EETLLE

e, RPCRLAE JIcERPs B ENTE

5, MEEBAREREBW L EZOREBEERD

F 7+ R TEREFO#IE )i % % Table. 412773,

WEESIENBN T 7 FDES Inic > THEHE

O_‘O- ; continuous foam siream

§ E - -——— ;intermittent =« ”
< Bl © i 2XBduct(10m ) connected
g\ X 3% v (15% ) "
Ao i _
-0 g — X
S 20} —x— *
o
§$ i—Ps - e e VMY, M—
§‘3 g
b3S

0 1 1 i A [ | 1 i 1

[ 1 2 3 4 .5

Min

Time from stary of foam transport

Fig. 17. Relationships between mean static pressure

depending on horizontal duct length near Jg and
time from start of foam transport. in case of
expansion ratio: 600+30

Pg: refer to Fig. 16.

%i31. IlmmAq, BIRERTS0HEN £ 32.2mmAq T,
BRES00ENIEEE N 2 EIc %), EFERE LT
RN RERB A RIBICET Y2 2 R EN S, &
DEI LD P EBEROBE HIREIBRFIK
#2522 &, Lad, 500454 5 10004F 2 WIRE A X
THEHRIENEELABICHAT I THEN

%o

Table 4 Static pressure loss in duct on horizontal transportation of air and foam with a hi.-ex.
foam generator in which a multiblade fan is used (See Fig. 14.)

Mean wind velocity in the center of duct Mean static pressure loss
Object of (m/s) Expansion
transport | at the front of the at the end of ratio 2) 3) 4)
net in Dy duct (DE+R+B) duct 1) Ap mmAq p mmAg/m
3.7:0.4 9.3:0.2 - 0 0.36
Air 3.2¢0.3 8.0:0.2 - 0 0.33
2.3x0.2 5.8+0.2 — - -
3.7+0.4 - 500+30 7.0 1.105)
Foam 3.2+0.3 - 600£30 8.0 1.40 5)
2.3+0.2 - 750+30 10.0 2.209)

Remarks: 1); the distance from the net = 10 m, 2); for collected foam at the duct length = 10 m,
3); Ap = pressure difference between front and rear of the net, 4); p = static pressure
loss per meter in 30¢ cm duct, §); for continuous foam stream
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LRI & ERENBEAIRL S, RokEETIRE
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meSWHEETHD EEZ, BRBE» S IR
WEEEEIC A DR O FIBE R HET A &L
7z, EBRE S 7 EBRIIIFig. 195 & O Photos.
8 BEUICTRTEENTHE, T, H3IH0OmD

Plan view of duct arrangement

a} ducts used for verljcal
transport of foam :

1o the 2nd floor;1/28,+358¢
{ca’5.3m),

to ~ 4ih - *By+Bs*3/58g
8 {ca.10.6m)

B

b) ducts used for horizontal
{ransport of foam :
1o the 2nd floor ; By+B,* V28
{ +2/5 Bgloa kT,
- ; BI’BZ’BJI"
’%B{ca.&‘m)

fo » 4th

-+ :flange joint —: ring joint
X . measuring place of static pressure

Fig. 19. Plan view of duct arrangement in the
experiments of horizontal and vertical transport.
of hi.-ex. foam
1; the hi-ex. foam generator in which the
multiblade fan is used, 2; the trainning tower of
the Fire College having 11 floors, 3; laboratory
for smoke ejection

4FEICH L, REEBRE2E, BIH5m D 2EIcx
LEIERZ 1ET- 72, EEBROE, REHENEES
DPEEIT - 720 HiEFEHOBEM & JelHE 0 F i
EHOBfRIZFig.20ic "3 & 81D TH 5, Fig.20h
Curve 113, 4B~DE1OLREEBRNES, F 72,
Curve 21}, FE~OE2BHRBEBRIEEGZTLT
VWb, WTADEA L AEEEE L ~ 2 5 THAIRE
T, Lizd-> TEEHFODENBREMEE it
TIERTELDP -T2, DEIZ, 2HMADREERY
TT-72ds, BiEnsE 15308 T, EEBRTE S
N, 4B ~ORBEBNEHE ERBICENBELKIZON
TORELXERRER -2, T LNERD, #
BIBMOREFFEFLTBEE, 4BBLU2HD

7 P HO» ST 20RO BEER R (Photos.

&; 50 5 continuous foom stream

a;‘g ———-; intermitient foam stream

NP

L ST K — —— —

31 2 x

%

c% o X

o

8

Ec 20 ; . é
Min.

Time from stort of foam transport

Fig. 20. Relationships between mean static pressure
near JR and time from start of foam transport. in
the duct arrangement shown in Fig. 19.
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Table 5 Mean wind velocity in the center of B; in the case of the usage of the
two blowers and the duct arrangement as shown in Fig. 21

multiblade fan (for generation
and transport. of foam)!)
1,600 rpm 1,850 rpm
5
&
~°\O 04\0&
&
o
& o
€ & 8.0£0.2%) 9.3:0.23)
A m/s m/s
Q\&\O
§ o 5.0+0.23) 8.5+0.24) 9.5+0.24)
PN < m/s m/s m/s
EE | g
g Ly
S =
w8 b
S & ~
oS -
5 ° o | 42023 8.040.24) 9.0+0.24)
'g <+ m/s m/s m/s
b=
simultaneous driving

Remarks: 1); refer to literature 4),

2); closing angle of the butterfly-valve for adjusting air volume (see Fig.

4.},

3); measured at the end of Bs (see Fig. 21.) in case of solo driving of

each blower

4); measured at the end of Bs in case of simultaneous driving of the

two blowers

CHENEERELRMEET 2 L, REHRICEEER
DHOFEHE (SHRXBE) DRSS ILITMEE R
LEES LN, ZTOEBTHRL ZIBOMIESR:Z
FTANTL0E50TH - 72, T, B 1 MDOHREERT,
Fig22lcmd &0, YFEZZ MIBiZ 74285
RIOmEREZE L2 &N 7 P HUDPLDOBNOEY
KiRiZ Photo. 12121 § & 1) T, Photo.6MF4Lk
IIZFR LKL Tk, RiBFEROREARKD
B %8.0, 9.3m/ s&ZE 2 CLENFNIZITIZFE L T
BHotze DFEN, TOHOERTIE, BHOREKERCT
RETREEMI M2 I LI 10m T4 b bI0ORBIERTE

722 BERL TS, DEICHE2EERTIE, F1
MEBDEAL) 2 51215ms 7 F IR L 7235812
DT RALDY, B b 4 THIT DRI LB &
Lotz BEBEMHEEFRFLTICBEEIIERLLT 7
b LA 5 DD HKBELIE Photo. 13 127R$ & B )
TH b

PUENEBERL S, JIOXBEEEREFHELT
AT AR, BB 7 P EREFTEITE BT
—HEHRICEEBEL, »OREERS 7 FHOBRELFEE
W77 PEEL D LHICKECHREEAEND
bEHEENT,



Plan view of duct arrangement X Bs

foam

—}—; flange joint —— ring joint
x ; measuring place of wind velocily

Fig. 21. Plan view of duct arrangement in a trial of
foam transportation where the two blowers are
used
1; the hi-ex. foam generator in which the
multiblade fan is used, 2; the turboblower, 3;
laboratory of smoke ejection

Table 6 Mean wind velocity in the center of B; in the case of the usage of the-
two blowers and the duct arrangement as shown in Fig. 22

Multiblade fan1) (for
transport. of air and foam)
1,600 rpm 1,850 rpm
&
S
SR
&F 50\
\.
o N
& ¢ . 9.4+0.23) 12.3+0.23)
$\¢\o_ m/s m/s
4@
g
= % | 5.0£0.23 14.5+0.54) 16.5+0.5%)
q‘g § m/s mfs m/s
k-
peg= =]
g8 | 8
22|
S . 4.240.23) 14.0+0.54) 16.0+0.54)
'E g S m/s m/s m/s
[_(
Simultaneous driving

Remarks: 1); refer to literature 4),
2); closing angle of the butterfly valve for adjusting air volume (see Fig.
4)),

3); measured at the end of Bs (see Fig. 22.) in case of solo driving of
each blower,

4); measured at the end of Bs in case of simultaneous driving of the
two blowers
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Plan view of duct arrangement

; connected duds for
No.1 experiment

— — — - connected ducts for

No.2 experiment

Fig. 22. Plan view of duct arrangement in the other
trial of foam transportation where the two
blowers are used
1; the hi-ex. foam generator in which the
truboblower is used, 2; air duct (Dg) of the

- - u \ _-[ H . -
~ RN multiblade fan, 3; laboratory for smoke ejection
4 8 & & &
X : measuring piace of
¥} tiange joint  ~+:ring joint wind velocity
4. BHCEER

BEL2. DEBAE R ETE, Fig.10, Fig.145 & U
Fig 1907 L 72 57 FALE O & X 03 I o) Tt

&R MG P B F R E OREGR & Table T 1271 ¥,
Table 7 12 5T, VA3 EIBIRDOBHEOFELHE T,

Table 7 Relationship between mean wind velocity and mean velocity of continuocus foam

stream
Blower used in the | Wo!) | Wp2) | W3) |Expansion| V) | VW Duct Flowing pattern
hi.-ex. foam generator | (m/s) | (m/s) | (m/s) ratio (m/sL arrangement | of foam stream

3.2 3.2 3.2

20050 2.0 0.63

a flow of mixture
of foam and air

a turboblower
2.5 2.5 2.5

40050 1.4

See Fig. 10.

not
0.56 uniform

3.7 9.3 6.5

500+£30 4.3 0.66

crossS)

a multiblade fan 3.2 8.0 5.6

600:30 | 3.1 | 0.55 | SeeFig. 14. | Scrtion jalmost

uniform

2.3 5.8 4.1 750+30 1.9 0.33 foam
] 37 | 93 | 65 | s00:30 | 229 0.34 ) stream |
a multiblade fan 3.7 93 6.5 577 042 See Fig. 19. uniform

| 500+30

Remarks: 1); mean wind velocity at the front of the net in the center of Dg (30 cm¢) or Dy
(52cmx 52cm), 2); mean wind velocity in the center of B; (30 cm¢), 3); mean wind
velocity through all ducts connected = (W + Wg)/2, 4); mean velocity of foam
stream through all ducts connected, 5); there are two separated streams: one is a
foam stream in the central part of duct, the other is an air stream surrounding the
foam one, 6); to the 4th floor, 7); to the 2nd floor.

LERZ 7 FBiOEEREHERZIIEI L EORIEE
Py b seEEE S 7 bRl TE 7 b i S EDTH
W22 TCOMEZ L 774y FTHUIGEL L
ELrLBHL7ZLDTH B, TOERD»HHDWERES
T0fEDEA R R E, WIRESH 200 ~ 600 fFDiENKFE
B4 5 ) A R 1 R TS ) B3 EGE D #960%612 T -
Twb I ENbhrb, i, BEFED 500 FHilicD
WIS, EIHEO L 513, KEHRBEOE 2 LD IEK
DREFRIBICET T2 L b b,

Fig. 14IcTRL 7277 FBEE D & E DD KFHIHEE
Biosw{, @57 kR FEREOMERKOBMRE
12, BIBBR:SERCHERS S Table8 DL B
ICFEDHBENTED, ORI LEREREEL 7
PRI S xS, EiREEMEATRRT B & HIZIRTE
HIEIZAMY DEMIZIH D LD bh b, BTOKR

LY EDER TR L E SIS R L R A DR
OWERETL, TORRMS SpliF0.45TH S,
S OHEHHITERHHE T RIFTEDL S 7 P ORRNDES
LERHBLENMT, Jell BT —ENWHEEIP:s%
HEDRRIZ LHEDPD STz,

1 BEER AS5001E DI AT £30cm DT 7 b RN E i
DETHET L EEDV A/ NV KERAL, BROME
i1 Ra=20cm, BN FELEHE v, =430cm/s, D
W, =20X10g (cm)?, &, BOME)=10°cP
=10P¢IRET B E, Re=a‘vr0r/ =172 5 5.2D
LA/ VREE, Stokes?ikRIAHLT 3 SRS
TINEnL A4 I NLZETH Y, BEY, J.Happel B &
UFH.Brenner®! @~ TwaWwhbWaEL 4/ VA
RARNEORE LB L T 5,

Bz, BEELEZERT L ERIEOFHEIIHIZ



Table 8 Relationship between cross section of continuous foam stream and duct length

connected with B; ducts

Duct length connected
1 .
Dyl E ) Bi with B; ducts
7 on
Wod) | Sp¥ | S | SeiSp “atlo 5% S@®or | o n s a0 25 30 35
(m/s) |(cm?) | (cm?) |x100(%) (cm?®) | SASB m
45x 500 (Cié) 491 491 314 (314 177 177 79
3.7 20= 33
+30 SIS,
900 * 11SB
1000y | 69 69 44| 44 25 25 1
S
52x | 45x _ ., |491 314 [314 177
32 | 2= | 25= | 42 600 |m= ;f;;)
2704 | 1125 : 1198
o 10t | 69 44|44 25
45x 250 (Ciﬁ) 314
2.3 45= 75 30 5718
2025 * B
x100(%) 44
7) 8)

Remarks; 1); duct length between the net and the flange joint of R = ca.3.1m,
2); mean wind velocity at the front of the net in the center of D,
3);Sp = cross section of D, 4);S)'r= cross section of continuous foam stream in D,
5); Sp = cross section of By, 6); Sy = cross section of continuous foam stream in B;,
7); continuous foam stream, 8); intermittent foam stream

mmTHEHbH, ZORBEORBTT 7 b OHLED
EE0mOMEHEICEL DA Z & (DD &,
FB0BORIBTESHDLZ L% B, ZoBiz, 0¥
hAML &9 EHICHENBRMER (1 D MIKDFEA
2 4u L RET ) HTE DO E % 50~ 400015 0 B4
MelL T, mFDIZTHRIBICERL THENLE v
BEENETERA—STH-T, TDL ) LERT
REDRL- B OMMA % N, T7% b bmicrorheology?
LML R EEZ LN D, UL, BAOR, &7
7 N NOWDFHEMER DM B B I3 IRIK T E
BRIZ DV TR e TR A MR IS I IC T B,
RBIZERWLHEA,LEZ 58, BROEERLEHEY
KELTDHZEUE, WAHBEOETH D TLL, BD
WA MATAHN L L RRIC L D, BO#%
BERERIMAKTZ LI LIF-TEZDE, BRIl ER
DEHREL00~50015 % 15 2 AR AR BUE L BE %

5.

KBFERD L ROFERIBHLNG,
HHS 7 FPOBREERIICOCTOBENBRE PR
(1) DEHIZERT 5.
p=FPs/ L (1)
KT, Lim) XEAS 7 bR CEKBN BTN E

wind ——

Fig. 23. The Optimum duct arrangement for the
purpose of long distance transportation of hi.-ex.
foam in the case when a blower of large capacity
is used. (This method was developed in USSR.)
1; blower of large capacity,

2; net for generation of foam

EETLHIZETHDEVZH, L, ER=ELEAED
KEVREEAKE #HzE, E&E400m® minkl k, EEIS0
mmAq UL ED L DEERTE 3 & &3, Fig.23lowL
RYMTHEINLY 7 FEEERBEELIHATE
GEBEDEETH S EHZ L b,

e

RFCTELHRADMEEHELZELL, NSz T
&, HEBEOTFHOMEROER S 7 + OKEHE
LT 2P H0.45THBBEDT I L OES Evis
TL & PolmmAq) BESLOZ 7 bR —
EDRMBENEELL T 3,
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HLEHEHREFHEICBIT 2RKOMERE L 20ER
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LTwaZrhsb, BEEHFOICEBOEEORMAE
BB AEF D E NN 2% b L HES LD,
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Experimental Study on Transportation of
High-Expansion Foam through Flexible Ducts

(Abstract)

Rokuro Nii
(Received November 20, 1974)

There are very little data concerning losses in pressure and in flow rate during
transportation of high-expansion (hi.-ex.) foam through ducts.

A few studies!?-2).3) done about the transportation of hi.-ex. foam, however, are still not
enough for the technical information, especially on the blowing condition or the foam
generating one.

Accordingly, a series of experiments about transportation of hi.-ex. foam through flexible
ducts were performed by the author with a hi.-ex. foam generator in which a turboblower was
used; and which was newly manufactured in the workshop of our Institute, and with another
hi-ex. foam generator®) in which a multiblade fan is used; and which was previously
manufactured in the same workshop. The expansion ratio of foam used at each experiment run
was 200 to 750. The extension of duct was done mostly by multiplying connections of a spiral
duct which is 5 m in length, 30 cm in inner diameter and made of vinylon tarpaulin with a PVC
coating.

Furthermore, some trials for some increase of transportable distance of hi.-ex. foam were
done by means of some duct arrangements with a Y-shaped duct and some straight ducts
between two blowers, one of which is used for hi.-ex. foam generator, and the other one of
which is only for foam transportation.

From the experimental results, following conclusions were obtained.

The static pressure loss per unit length of used ducts p was defined by the author as shown
in Equ. (1).

p=P/L 6]

where L is the maximum transportable distance of the foam through the duct in meter, and £
is the constant saturated static pressure in mmAgq at the inflow-end of foam stream. In the duct
in the range of L, a continuous foam stream can be kept up, and the ratio of mean cross section
of continuous foam stream to the cross section of the duct is equal to about 0.45.

The optimum expansion ratio for transportation of hi.-ex. foam was 400 to 500. The
pressure loss p at the optimum expansion ratio was about 1.0 mmAg/m for a horizontally
straight or not so sharply curved(with p/d>10, where p is a radius of curvature of duct arranged
and d is a duct diameter) duct. The pressure loss p of a foam whose expansion ratio is 750, is
about 2 times that of the optimum one.



It can be presumed, that the transportable distance of hi.-ex. foam to vertical direction is
decreased by about a half of that to horizontal one, judging from a good coincidence of the
sectional area of continuous foam stream at a vertical distance with that at the horizontal
distance which is equal to about 2 times the vertical distance.

It is possible to increase a transportable distance for a hi-ex. foam generator of small
capacity, e.g. the air volume rate is less than 100 m®/min and the max. static pressure is less
than 50 mmAq, by means of connection of a Y-shaped duct to the suitable blower in one edge
and to the foam generator in another edge, provided that the mean wind velocity in duct on the
side of hi-ex. foam generator is always smaller than that on the side of the blower for foam
transportation only, and that a duct arrangement to the transporting direction of foams is
almost a straight or not so sharply curved line.
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Table 1 Shape Factor Change with Number of Divi-
sions of Conical Flames.

L=30cm.

C?’ﬂ dl‘;?l:ietlel ny * na ** FdAS !
cm Front flame Back flame
1 4 0.0012185 0.0012393
2 8 0.0011397 0.0011447
5 20 0.0011190 0.0011198
6.4 1 10 40 0.0011161 0.0011163
20 80 0.0011154 0.0011154
40 160 0.0011151 0.0011151
60 240 0.0011149 0.0011149
1 4 0.0017189 0.0017769
4.5 2 5 20 0.0015854 0.0015876
60 240 0.0015800 0.0015801

* ny: number of divisions of flame height &
** ny: number of divisions of flame base circum-
ference

(Table 1 DR H % & %77 5k &2 DFEREHH)
LA EINEEERBETOWDELRY, T
AKEF D W i314.4cal /cm? minTH 5.

Table 2 Radiation Emittance of Hexane Flame at
Various Oxygen Concentrations.
L=30cm;n,=60;n,=240.

Vessel  Oxygen

diameter  conc. Cz:n Ey ) Fasg-1 Wi .
cm % cal/cm? min cal/cm® min
21 6.4 0.032 0.00223 14.4
1 25 4.0 0.041 0.00141 29.2
30 4.0 0.064 0.00141 45.6
35 3.5 0.078 0.00123 63.4
2 21 4.5 0.035 0.00316 111
30 1.2 0.044 0.00085 51.9

* In this table, FdAs-l denotes the shape factor from
radiation meter to both front and back flames.
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Report of Fire Research Institute of Japan H.39(1975)

Radiative Heat Transfer to the Burning Liquid
and the Vessel from Its Laminar Flame

(Abstract)

Atsushi Nakakuki
(Received December 16, 1974)

The radiation heat transfer from the flame to its liquid and vessel wall in the liquid fuel fire
was investigated in the laminar flame region. Under the assumption that the radiant heat from
the flame is not absorbed in the vapor layer above the liquid surface, the shape factor from a
radiation meter to the flame was calculated by a computer. From this shape factor and the
irradiance E; measured by the radiation meter, the radiant emittance W, of the flame was
calculated. Using this value of W, the radiant heats transferred directly from the flame to its
liquid and vessel were obtained, and confirmed to be negligibly small compared with the total
heat transferred to the liquid from the flame.

The equations (Egs. 2 and 3 in this paper) for the shape factors from the flame to its liquid
and vessel wall which were derived formerly (Ref. 3) are very important for the elucidation of
heat transfer mechanism both in the laminar and turbulent flame regions. Therefore, in the
appendix of this paper, these shape factors for the flames of special shapes, i.e. the conical and
cylindrical flames were also derived by the customary method, and confirmed to agree with the
aforementioned equations. Thus, the equations were proved to hold generally.
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Fire Resistivity of Irradiated Nuclear Fuel
Shipping Cask

Hirohisa Shimada

(Received December 16, 1974)

INTRODUCTION

It was found in the previous study?!) that the full-scale casks (80 tons in weight, 1600 mm
in dia and 5200 mm in length) would withstant the exposure to 800°C — 30 in fire, provided
that a gap was formed between the shell and the inside lead-shield due to contraction of the
latter on molding.

In the process of cask fabrication, the shells are generally subjected to a treatment of lining
their surfaces with lead before putting a mass of molten lead into them, in order to get a better
contact between the shell and the lead shield after the solidifying of the lead, so that the heat
generated from the contained fuel may be more effectively dissipated outward.

This paper will describe the fire resistivity of the lead lining-treated casks and its
comparison with that of untreated ones on the basis model experiments and theoretical
analysis.

EXPERIMENT

Each cask model is of cylinder type and composed of three layers, ie., a steel outer shell, a
lead shield and stainless steel inner shell.

Of 4 cask models fabricated for this study, one is 1/4 in radius of the full-scale casks and
the other three 1/8.

All cask shells were subjected to a treatment of lining with lead except one of the 1/8
models which was used as a reference for comparison with the prototype.

The dimensions and weight of the cask models as well as those of the prototype are
presented in Table 1.

Table 1. Dimensions of Casks

Cask Model

Prototype Cask iy 1 No.2  No. 3
Outer Diameter D (mm) 1600 200 400
Inner Diameter d (mm) 1000 126 254
Outer Shell t; (mm) 38 5 10
Lead ty (mm) 250 30 60
Inner Shell t3 (mm) 12 2 3
Length L (mm) 5200 400 600
Weight W (kg) 80000 85 530




A Tunnel-shaped oil furnace the inside dimension of which is 1.6 m x 1.6 m x 1.6 m was used
for the tests. In addition to the two front and rear sliding doors made of iron, the furnace has
two bottoms separable from it, each of which has four wheels under it and can be moved on
two paralled rails. One of the two bottoms, which are called trucks hereafter, is used in the
furnace-heating-up period and the other in the experiment period. For the start of the test, the
truck on which a specimen is mounted is moved into the furnace replacing the other one which
has served as the bottom of the furnace during the preheating period. The top and bottom of a
cask model on the truck outside are covered with asbestos heat insulator and firebrick for the
purpose of heating the model only from its side. Chromel-alumel thermocouples are set at
various points in the furnace, the outer shell, the lead layer, inner shell, and the cavity center
for measuring their temperatures. The locations of the thermo-couples for No. 1, No. 2 and No.
3 models are shown in Fig. 1. When the inside temperature of the furnace is raised to more than
800°C, a cask model on the truck is conveyed into the furnace by an electric motor after the
other truck is pushed out. The cask model is pulled out after a heating at 800°C and is cooled
to the ambient room temperature. During the experiment, temperatures of various points in the
furnace and the model are recorded continuously.

No.t.No.2 Cask Model No.3 Cask Model

~—.._Outer Sheil

Jteas

1nner Shel|
[ 11§]|
1]

1]

250mm

3fso|f10
Sl

Fig. 1. Cross-Sections and Thermocouple Locations
of No. 1, No. 2 and No. 3 Cask Models.

RESULTS

Some experimental results are shown in Figs. 2 — 5.

With No. 2 cask model, the lead shield started to melt 5 min. after the start of heating. On
the other hand, the lead shield of the No. 1 cask model took 2 min. more to start to melt.

Figs. 2 and 3 lead to Fig. 4 which shows the temperature differences of the outer-shell and
the lead shield between No. 1 and No. 2 casks during the tests.

The fact that the temperature difference between the outer shell and the lead shield is
much larger for the untreated cask model than for the treated one is believed to be attributable
to the lower thermal conductance of the gap between the outer shell and the lead shield in the
former.
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TEMPERATURE (°c

TEMPERATURE (°c )

It has become clear that the cask-fabricating methods affect the heat transfer properties of

casks even if the casks have the same dimensions.

The experimental results of No. 3 cask model are shown in solid lines in Fig. 5. The lead
shield temperature reached 300°C approximately 9 min. after the start of heating.
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Fig. 2. Temperature vs. Time Curves of No. 1 Cask
Model.

Fig. 4. Temperature vs. Time Curves of No. 1 and
No. 2 Cask Models.
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Fig. 3. Temperature vs. Time Curves of No. 2 Cask
Model.

Fig. 5. Temperature vs. Time Curves.of No. 3 Cask
Model.

ANALYSIS
The heat resistivity of casks must be evaluated by the ability to shield the radiation from
inside and to be tight after the tests. It is generally considered that this ability would be
deteriorated if the lead was melted. So, the temperature of lead can be used as an index of the



heat resistivity of casks.

In the present analysis, the same assumptions and calculation process as in the previous
paper!) were employed, and an analogue computer was used for computing.

The outer shell temperature 8, and lead shield temperature, 65,84 and 8, of each of No.
1, No. 2 and No. 3 cask models were computed. The results of the computation is as follows:

The experimental values agreed considerably well with the computed ones when 180 and
1800 kcal/m2h°C were employed as the thermal conductances of the gap for No. I and No. 2
cask models respectively.

The computed temperature-time curves of No. 1 and No. 2 and No. 3 cask models are
shown in Fig. 2, Fig. 3 and Fig. 5 in broken lines respectively.

The gaps 0.23 for No. 1 cask model, 0.023 mm for No. 2 and No. 3 cask models were
estimated by calculation in which a, based on a thermal conductivity of air at 350°C was used.

The gap calculated using 180 kcal/m?h°C of «, was in a near agreement with that from the
calculation of contraction for No. 1 cask model. No. 2 and No. 3 cask models, whose shells
were subjected to a lead lining treatment are considered to have no or little gap between the
outer shell and the lead shield, because 1800 keal/m*h°C of a, is very large compared with that
of the untreated cask.
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700 700
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Fig. 6. Temperature vs. Time Curves of the Proto- Fig. 7. Temperature vs. Time Curves of the Proto-
type Cask for Standard Fire. type Cask for Standard Fire.

As for the prototype cask, temperature-time relations at various points of the cask under
the standard fire condition (800°C, 30 min) were obtained from the theoretical computation in
which 220 — cokcal/m?h°C was used as o, .

The temperature-time curves of the outer shell and of the lead shield obtained from the
computation are shown in Fig. 6 and Fig. 7. In these curves, the melting of lead is not taken
into consideration.

According to Fig. 6, the temperature of outer shell rises to approximately 480°C, but the
maximum temperature of lead never goes up to 327°C, the melting point of lead.

Fig. 7 indicates that casks with no gap between the shell and the lead shield will not keep
their integrity in the exposure to the standard fire (800°C, 30 min).
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D: fire length

W: fire width

8: temperature rise

V: wind velocity (=Uo)
Q: heat release rate

o density
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x:
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z:

N: number of fire

§2: dimensionless wind velocity
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Interraction

H.J.Nielsen ! Origin and Properties of Fire

¢: dimensionless temperature rise

J: momentum flux ratio (=0fU° flo,Up)
H: height of the flame

L: distance along the fire plume

' burning rate

Suffix

o: ambient

m: maximum value

om: maximum value in the case y=o
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Report of Fire Research Institute of Japan #.39(1975)

Laboratory Experiment on Three Dimentional
Temperature Profile in the Leeward of Wooden
Crib Fire

(Abstract)

Kunihiro Yamashita
(Received December 16, 1974)

In order to elucidate about the physical processes of fire spread and formation of fire
whirl, a series of laboratory experiments on three dimentional temperature profile of crib fire
plume in cross wind was performed. Wooden cribs were ignited by burning some methanol that
was sprayed over them at the rate of 2 cm? /sec within one minute.

About sixty alumel-chromel thermocouples were used to measuce the temperature profile
in a cross section of fire plume. A tuft screen was also used in the leeward of crib fire to
estimate the flow pattern in and around the fire plume.

Under the experimental conditions with several combinations of wind velocity, crib width,
ground roughness, number of fire and so on, three dimentional temperature profile of fire
plume especially in the cross section normal to wind direction was obtained.

Both trajectories of fire plumes and temperature decay on them were expressed as a
function of the ratio of momentum flux of flame to wind. Equi-temperature contours in the
cross section normal to wind were also obtained.

From the experimental result, it became evident that a fire in cross wind produces a pair of
vortex-like circulation in the downstream side of fire plume, and the temperature contours in
the cross section normal to wind take a horse-shoe shape probably due to the circulation
induced by fire.
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Fig. 2 (a). Temperature variation with time at
various elevations of the inner sidewall opposite
to the foam applicator.

Foam agent: Protein-based foam.
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Foam agent: Light Water FC-200.
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Foam agent: Light Water FC-200.
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Table 1 Details of the relative fire extinguishing ability and foaming properties of three foam
agents
1 Extinguishing ability
-~ 5
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Remarks 1) The foam solution was premixed.

2) Gasoline is floated on water of 27.5 cm deep in the tank.
3) The small scale foam-generating nozzle was used, and the discharge pressure was
6.0 0.1 kg/cm?.
4) 15 min. after extinguishing of the fire, lighted toach was applied over the foam
blanket.
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Evaluation of Extinguishing Abilities of Fire-Fighting
Foam Agents for Oil-Tank Fires

(Abstract)

By M. Hoshino and K. Hayashi
{(Received December 16, 1974)

Presented in this report is an information about the abilities of a protein-based foam, Light
Water FC-200, and a fluoroprotein foam known as AER-O-WATER AFFF for extinguishing
gasoline fires in deep fuel layers with long preburn times in a steel tank. The tests were carried
out indoors using a small scale steel tank, 1.50m square and 1.45min height, with
doublé-sidewalls equipped with thermocouples (see Fig. 1). This double-sidewall construction
was to simulate the severe burning conditions of actual tank fires, i.e., the red-heated tank wall
and the hot fuel layer etc.

The experimental procedure was as follows: at first the double-sidewall tank was filled with
water to a depth of 27.5 cm, and then 400 or 6007 (17.7 or 26.6 cm deep) of 86 octane
auto-gasoline containing alkyl lead was floated on the water. The foam agents were premixed to
3 or 6% (V/V)in water. The 3% or 6% foam solution contained in a 250 / air reservoir tank, was
discharged at a pressure of 6.0 *0.1 kg/fcm?, and then after 30-min preburn, foam having
properties shown in Table 1 was applied gently to the burning surface using a foam-generating
nozzle at a rate of 0.11 gpm/ft? (4.40 lpm/m?) somewhat over the present recommended rates
(0.10 gpm/ft?) by NFPA No. 11, standard for regular protein-based foams, in this case foam
application was simulated the type of application obtained with the fixed, top applicators
prevalent at the time. About [S5-min after the extinguishing of the fire, lighted torch was
applied over the foam blanket. The extinguishing resuits obtained are shown in Table I, Photos.
I, 2, 3. In order to obtain the relationship between both the flame and the heated sidewall
effects to the flow of foam and extinguishing behaviors of three foam agents used in those tests,
it was decided to measure the inner sidewall temperatures, especially free board temperatures of
the inner sidewall.

The inner sidewall temperatures at 18 positions (see Fig. 1) were measured by
thermocouples attached to the back-side of inner sidewall during 30-min preburn and additional
foam application. These results are shown in Fig. 2(a), (b), 3(a), (b), 4(a), (b). In order to
examine the influence that the depth of hot zone (70 — 80°C) might have on the extinguishing
abilities of foam agents, extinguishing tests with 30-min preburn were made by using the same
kind of a protein-based foam. when the depth of gasoline was 17.7 and 26.6 cm respectively.
These results are shown Table 1.



The conclusion obtained from results of those tests may be summarized as follows.

(1) Where three foam agents used in those tests are applied gently to the burning surface
using a fixed foam applicator, regular protein-based foam is only one agent that meets stringent
sealability and burn back requirements for the protection of long preburning large scale
gasolinetank fires having danger of reignition by heated sidewall and hot oil surface.

Light Water FC-200 and Fluoroprotein foam AER-O-WATER AFFF can seal up rapidly
compared with protein-based foam, but they have poor resistance to burnback and also are less
efficient for long preburning gasoline-tank fires.

(2) It may be considered that the fire extinguishing abilities of fluoroprotein foam
(AER-O-WATER AFFF) under the premixed condition were greatly reduced compared with
both protein-based foam and Light Water FC-200.

(3) It was found that as preburning time increased, the extinguishing abilities of foam
agents were greatly effected by changes in the depth of hot zone (70 — 80°C) and the
temperature of the free board, especially near the burning surface.

(4) It was found that the analysis of the free board temperatures obtained by
thermocouples on the inner sidewall opposite to the fixed foam applicator gave the
extinguishing behaviors and extinguishing time of foam agents, without visual observations.

(5) Under the severe burning condition in large scale gasoline-tank fires in deep fuel with
long preburn times, the foam produced in fixed foam applicator was greatly affected by flame,
highly heated sidewall and hot fuel layers. It is recommended that the application rate of
protein-based foam should be required somewhat higher than the present recommended rate
(0.1 gpm/ft?) based on NFPA No. 11.
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