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T h e E m ergen cy C ontrol of V entilation for th e

T ran s―T okyo ]B ay T u n n el

A kisato M IZ U N O
キ T oshih aru SA SA M O T O i Isao A O K I十

A b stract

T h e T rans―T okyo B ay T unR el W ith the lellgth of 10km  is u nder construc
tioR .

T he longitud in al ventilation system  w ith jet fans, elec
tilostatic PEeCipitators and

VeEtiCal sh aft is going to b e eqllip p ed . A s the tu■nel ls ventilated 
w ith a Tathel high

velocity of ttl now (up t0 8 m /s),it iS desirable to suppress it to lowel vttues of 2

to 3 m /s iIL Case of en ergency so that peoPle can safely evacuate.

T h e p ossib ility of th e sllp p lessio■of th e lon gitu d i
llal air ■ow  velo city ilt a tlln llel

ven tilated b y jet fan s is d iscu ssed eaFh el b y th e au th o ls
. T h e cllrEern t Stu d y is th e

ex ten sion ■■d el th e siIILilaI Con trol con cep t h ow  th e vertical sh aft co uld b e ad d ed

to jet fans contributing to the supplession of the 範【ial■ow w ith a large am ount o!

in eltia .

A ccordi■8 tO a seFieS Of +um eFiCtt Sil■ulations the ef ect of the 
veltical sh aft fans

is ploved to b e ex tlem ly stton g w ith in the n lst h inu te. It is also 
m ade d ear th at

the plop osed optim al contlol a1801yth m  plays excelle■t pelforin a
nce in sw iftness

and stab面ty.

N O M E N C L A T U R E

T he variables used in th e p ap er is d iscrib ed b elow  accom p an ied by typ ical ol con stan t

values asid e.

A b = 20.33 [m
2
1

ん = 1.84 1m
2
1

■, = 78 .20 [m
2
1

・
K ogak uiII U niversity, D ep artm ent of M ech an ical

Tokyo 192
lFtti E lectttc C o. L tdt, Social System  E ngineeFing
Chiyoda‐ku,Tokyo 100
'N ihon D oro K o d a■(J ap a. H igh w ay P u blic C orp oratio■),

gaseH  l, C hiyo d a
―kt , T okyo 100

: A rea of blow―in from  the vertical shaft fan.

: A rea of jet fan discharge. (1500 m m  in diam eter)

: Sectiontt area of trafnc room  in the tunnel.

E ngineed ng, N akalto―m achi 2665, H achi6ji‐shi,

D ep t., N ew  Y urak uch o B ld g., 12
-1, Y u raku ch o l,

H ighw ay F acilities D ivision , 3
r2, K asu m i‐

⑥ 1991 E lsevier Scien ce P ub lish ers L td o E ngland

A erodynam ics and V en tilatio n of V ehicle T u nnels, p p . 365
- 384



ムを= 2.77 [m
2
1

D T = 9 2 [m l

弓 [N ]

二 [N l

晃 [N ]

み [N ]

乳 [N ]

毛 = 1・0

あa tm ]
あ「= 949 2 [m ]

五71 圭 4 70 2 [m ]

あr2 = 4 790 [m l

あ[m ]
例1千4.412x105 [kg/m

3
]

胸2= 4.495x105 [kg/m
3
]

角〕角- 1
川= 2470 [veh./h〕
紀ブ

化す1碗a2
= 15

れブ2純aコ
= 15

角と

Pl,p2[P】
PT [P司

P To [P al

9 b[m
3
/s]

9脚= 620 [m
3
/s]

9 e[m
3
/si

9 cO= 620 [m
3
/sl

9ァ[m
3
/sl

サiSi

T = 10 [Si

路= 30.0 [m /S〕
玲= 0,±2.5 [m /司
ち[m /S]
にo= 0 [m /s〕

yt= 50 [km /hl,[m /司
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M ean prttectiOn area of vehicle.

E quivalent diam eter Of the tunnel crOss section.

Force driven by the jet fans.

Force by friction .

Force by vehicles.

O verall fOrce ancting on the alr cOlum n in the

tu llllel.

F orce b y n atu ral w in d .

c oefncient of p ressu re rise by jet fans.

L ocation of the accident.

T otal length Of the tunn el,

L ellgth of the section l.

L ength of th e section 2.

L ength of th e region w here tran c e対sts,

M tts of air in the sectiOn l.

M ass Of air in th e sectiOn 2.

T iln e step of con trol p eriOd .

T ralttc d en sity.

N um ber Ofjet fans in Operation, (N egative num ber

for reversP Operation)
N um ber Ofjet fans installed in section l.

N uHlber of jet fans installed in section 2.

N um ber of vehicles existing in the tunnel sectiOn.

Pressure outside the entrance/exlt Of the tu]lnel.
Pressure at the junctiOn of the twO sections in the
tu n nel.

P resst re ou tsid e th e vertical sh aft.

F low  rate of th e stp ply air fan .

D esign i Ow  rate Of th e sup ply air fan .

F low  rate of th e exh aust fan ,

D esign tlow  rate of th e exh au st fan .

F low  rate of th e tun n el cross section i = スr路 .

T im e.

C ontrol p eriOd .

晩locity of jet fan discharge,(A bsolute v』ue)
N atural w ind velocity.

A ir i ow  velocity in each sectiOn of the tun■el.

T arget value of レ午in the sectiOn including the p Oint

of _ cident.

Sp eed Of vehicles.

W eighting p aram eter.

SufFlx

T h e T rar

K isarazu

tw o 10 k I

km  b rid g (

m ad e isla

T h e tl

electro→st

one―w a2y 千

ventilatio

circu m st[

O n e c

len gth of

bility of t

m em s of

cu rrent a

to b e alp I

T he T ra]

equip p ed

卜t fan軌

sim plicit

迷o apが

1'l and

speciflcaF
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R elative blade angle of supply ttr fan . (0 ≦δb≦1)

R elative blade angle of exhaust fan。(0 ≦5c ≦ 1)

P ressure dif erence betw een the portals.

C oettcient of pipe friction loss.

D ensity of air. (20
°
C , l atm )

D ensity of trarlc.

c oefncient of en trance loss.

surnx

Section llum b er of the tu nn el.

IN T R O D U C T IO N

T he T rans―T okyo B ay H ighw ay is a 15.l km  toll highw ay connecting K aw asah  an d

K isarazu w hich are situ ated at b oth sides of the T okyo B ay. T he highw ay consists of

tw o 10 kln long tun nels under the K aw asaki w aters w here m arine trafnc is heavy, a
4.5

km  bridge ovel the K isarttu w aters w here m arin e trttnc is sp arse,and tw o gig
tttic m an―

m ad e islands. T he constru ction w as com m enced in 1988 and is to b e com pleted in 1996.

T he tunn els are planned to be ventilated 町 10ngitudinal system  w ith a vertical shaft,

electro―static P recipitator stations and jet fans. E ven in such a tun nel,w hich is served as

one―w ay trafnc, it is considered to b e im p ortant th at the counterm easure of em ergency

ventilation control is properly prep ared so that th e p assen gels are assured a favorable

circum stance for evacu ation in casc of ire.

O ne Of the authors h as proposed an optilnal ventilation control for tunn els ttith the

length of around 3 kln
tl]. T he current study is devoted to the coni IInation of control a

―

bihty of the lon gitudin al ail n ow  by th e sam e concept in the T rans
―T okyo B ay h nnel by

m eans of num erical silnulation s. T he m odels for th e aerod ynaIIllc b eh avior used in the

current an alysis is established by th e p revious studies
t21,t3〕by the authors and is p roved

to be app ropriate by com p arison w ith practical experilnents
t4〕.

F E A T U R E  O F  T H E  V E N T IL A T IO N  S Y S T E M

T he T ra■s
―T ok yo B ay T u n n el is Plann ed to b e ven tilated w ith a lon gitu d in al system ,

cquip p ed w ith a veltican sh aft ventilation station , electro
―static p recip itator station s an d

jet fans. T he culrent analysis and discussion is lim ited to the east bound tunnel for

sim plicity,as the other shaft is quite sim ilar and m ost of the results obtttned here can be

also applied to the other. T he upstrettm  pttt before the vertical shaft is called as
“section

l", and the other as 
“section 2". T he llaln feature of the tunnel and its ventilation

specincations are Presented in N O M E N C Lン壇T U R E .

5b

びe

△p [P al

入r == 0 .02 5

ρ= 1.205 1kg/m
3
1

ρt= 0.0494 [veh./m l
住= 0.6

1,2

l■b er

o n .

e l.

the

p o in t
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S IM U L A T IO N  M O D E L S

A ero d y n a m ic M o d el  M ain concep t of th e aerodyn am ic m odel for the num erical

sim ulation is sam e as the one used for the study of the K all
―etsu tu nnel〔51. T h e air

colum n in th e tun nel is treatゃd as in com pressible〕and to ob ey N ew ton
's second law  of

m otion . T he dyn aIIllcs Of the air flow  in the irst and the second section of the tunnel [r e

separately form ulated , and related by continuity of■ow  rate ano pressure.

T he ordin ary dif erential equ ation for the air ■ow  velocity in section l is describ ed as

(7)

(8)

(9)

(10)

(11)

(12)

T he c

used i

both

T h is i

T 〕

th ere

w in d

ln ete(

c a lc u l

c as e .

■■aF

gency

it is さ

at th(

force

the 欲

on sl

for ea

the a(

If

胸1粋=みh
in w h ich th e rig ht h an d sid e is th e to tal fo rce actin g on th e con cern ed

are interpreted in the following form ulaet

陶2粋=ら

(り

air colu IIIIl. T h ey

工m = 二1+ 乳 1+ 晃1+ 弓1,                   (2)

and resistance force by ttiction is

4 1 = 一
(
1 + 建十人r

七十) 号
えた 1降 11・         ω

T h e force caused by the p ressu re dif eren ce at b oth en ds of the section (in thiS ctte, at

th e clltrance and the vertical sh aft) is

乳 1 = A r (P l
―
PT)・

T he trttRc causes force by th e d rag of vehicles,

晃1 =
号
れば 半

一路う膨 = F J , い)

T he jet fans are the m ain com ponent for driving the air rlow according to the form ula

弓 1  
=   角

す1 ヽ すρ
ム
J 路 ( 路

一
ヒ 1 )    f

O r
 竹 1 ≧

0 ,

弓 1 
=  一
竹 1ヨ峰 ρスJ路 (y J 十 ソれ)   fO r 竹 1 < 0

・
い)

T he dyn aIIllcs for section 2 is ttso describ ed sil■ilarly, excep t th at th e entrance loss is

elim in ated and a n ew  terin  F b2 app ears due to pressure rise by blow in g at th e vertical

sh aft.

４

屯

れ

　
　
判

窃
均

仇

乃

助

馬

れ
ら

fOr 竹2 ≧0,

fOI れ,2 < 0,



tu m erlcal

T h e ttr

ld law  Of

ュn n el are

crlb ed as

(1)

ln , T h ey

律)

(3 )

case , a t

(り

ら ニ
ォ |五;岳再

十
箸 評

一
分      

側

The contilluity of presSule holds at the junctioII of the tw o sections in that the sam e pT 
is

used in both eqs.(4) and (10)・T he law of conservation of m tts at the junction be
tw een

both sections and the vertical shaft is

9 t角= A r(略1
- 4 2)~ (9 c

- 9 b) = 0・                    (14)

T his relation m ust h old at any tiIIIe step du ring the w hole silnulation .

T he so called n atural w ind velocity レ生is the ttl now  velocity w hich w ould occur if

there w ere no disturb ances by vehicles and ventilators. It is considered th at the llatural

w ind in the tunn elis caused by the pressule difFerence at b oth p Ortals of the tu nnel d ue to

m eteoroloぶCal cOndition . In the sim ulation〕路 iS hyp othsized ,and △p,P l,P2
and P'O are

calculated by the follow in g relations, although they are constant during e
ach sim ulation

case.

あ
一身
入

＞

　

十

拘

＆

一
　

十

伍
／．ぜ

〓
一
　

〓

Ｐ△

pl = 0 ,

PTO =
~ A p (あr1/あァ),

p2 =
~ △p .

五ti = 五rl, あ2 = あr2

あ1 = (五rl
― あa)
一 y tサ, あ2 = あF2

あ1 = 0, あ2 = あ,2 ■yt(サーサo)

(10

(10

(1つ

(1り

fO r t < 0

for O < サ≦(あrl―あa)/yt= to  (21)

fol t。< サ≦サ。十五82/yt= せ1   (22)

号A,比1略|,

(5)

rm u la

C )

で lo ss is

v e rtic a l

(7)

(8)

(9)

(10 )

(11)

(12)

IIafn c M o d el  A  sim ple trafnc m od el is used in the cu rrent sim ulation for the em er
―

gency control of ventilation . It is hyp oth esized th at an acciden
t occu rs at tim e t= 0, an d

it is detected at once w ith its lotation , A ccording to the trafnc lam p S in the tunnel an d

at the entran ce, the vehicles tow ard th e p oint of the ttcident stop soo■, then the trafnc

force o五the ttl b ecom es negligible sm all. O n the other h and , th e vehicles leaving from

the accident keep running,causing ,Iぁ品c fOrce until they 80 0ut of the tunnel. From  these

cOnsideration,the num ber of vehicles running in the tunnel sectibn w ill be calculated by

駒 = ρルと                                     (
19)

おF eaCh Settion,used in eqns. (5) and (11)・H ere,ぁ3
'S depend on tilne and location of

the accident as is form ulated in the fo■ow ings.

If the accident is in section l;(0 ≦五a < あ,1),

０２



あtl = 0, あ2 = 0
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foI サ1 < t

and for the actident in section 2,(あ71≦あa≦あ71キあ2),

五を1 = あ71, あ2 = あ 2
for サ< 0

あtl= 0,あt2= (五rl+ あ,2~ La)~ ytt fOr O< t≦(ら1+ あr2
~ 五a)/yt= サo(25)

あ1 = 0, あ2 = 0
fol  t。 < サ

F an  M o d el  T h e t OW  rate of th e supply ホI fan an
d exh aust fatt at the vertical Shaft

is app roxim ated by eqs. (27) an
d (28), in w hiCh th e flow  ra

te of th e fa五is exp ressed in

term s Of pressure difFerence tt b Oth e
nd s of the d uct 】ld the rd ttitt blade ttgles δb or

5c.

9 b= あ(5ぁPT 一PTO))

9 c= た(5e,PT 一pTO).

In th e actual nu m erical procedure, they are calcd a
ted th rou gh iteration as th e solution

of a sim ultaneous equ ation systeln of the ch aI‐te
listic cu rve of th e fan and the dult

10ss. D el守 in th e veltical shポt is neg
lected ,b e∞配se it is con sidered to be sm

all enough

cOm p ared tb the on e in th e ln ain 
sh aFt.

T H E  D Y N A M IC  C H A R A C T E R IS T IC S O F  T H E  
A IR  F L O W  V E L O C IT Y

Sim Ple caseS are selected for the pr
eliIIInary sim ulation in order to dem onstr

tt
P 
the dy‐

■aII■c characteristics of the ttr flow  velocity in the llans
―T bkyo B ay T unnel. In the

present paper,tw o typictt situa
tions w ith regard to the point of acciden

t and the natur胡

w ind velocity are cOnsidered .

T able l situ ation s

Ite m V ariab le S itt a tio n  l S itu a tion  2

P oint of ‐Cident lm l
あ ０

あ 1 + ら 2

雨atural wind velocity [m /司 略 + 2 .5 - 2 .5

T he situ ttion l is one of th e w orst cttes in w hich p ositive 
distu r, ances are dott n

ant.

N am ely th e p d nt of the accid ent is a
t the entrance of th e lun nel W hiCh cattes p ositiVゃ

drivin g fOrce to th e air in the tun
■el until all the vehicles 80 0ut of the tu n nel,alon g 

w ith

p ositive n atural w in d (+ 2.5 m /
s). T he situ ation 2 is, on th

e other h an d , the op p od te

extrem e; th e p oint of th e accident being 
at the exit of the tun■el resulting in a quick

extin ction of trafnc fo.ce, Ⅸ沌Om p anied by the condition 
of negatiVe n atuTal w ind (

- 2.5

m /S)・T he i.st case, sh
Ow n il i g

・1, is th e one in w hich all ventilat
ors are Shut dow■

４２

資
Ｕ
命
“

(2o

(28)



１７３

(2め

(2o

三tO (25)

(2の

ぅal sh aft

essed in

les びb Or

(27)

(2り

solu tion

h e d u ct

en o u gh

)C IT Y

th e d y
―

In  th e

n ttu ral

)IIlln an t.

p o sitiv e

)n g w ith

3p p osite

a q u ick

td (
- 2 .5

tlt d ow n

- 15

10000

吾 0
“
-10000

10000

雷 o
仁

- 10000

300

‐０

８

６

４

２

０

・２

■

・６

■

・
‐０

り
＼

Ｅ
　
ふ
〓

ｃ
ｏ
再
＞
と
呈

中

Ｌ
中く

研
＼ヽ
ｏ且

ｏ
Ｏ
　
　

〔切＼
”逼

０
０

　

「
いＺ

6

T im e

/

７

　
ｍ

生

０

0

700

0

15

0

- 15

15

0

い
い
Ｚ

０

　

００
一

電
邑
〔エ

＼

＼

＼

F ig . l  T h e ttr i ow  velocity b y shu t d ow n . lS itu ah o n l)



‐ＯＦ

８‐

６‐

４
‐

２‐

０

・
２

・
４

■

・
８

・
‐０

372

り
＼

Ｅ
　
ふ
だ

。
。
再

＞

と
呈

】

】
宅

７００

　

　

　

０

７００

中く
Ｌ

Ｂ

　

「く
ぃ二
３

　

【
″

6

T im e

７

　
ｍ

at tiI I(

Row  ve

cond iti

quite d

Of th e F

the veI

in the l

th at th

this sh (

load , ir

high va

SiEttlar

T he

tio n s . I

jet fang

th e air

vertic a l

is p ro p て

ca u se r(

observe

rise cha

of accid

a ir i o w

is o bser

the jun(

velo city

cases %

C

A s on e (

ln  c a s e (

now  is b

algOryth

is em pic

T he

fan s in (

U nd er sl

l) F l(

C O l

sh ,

0

15

0

- 15

ぃ 15

Z

0

- 15

10000

吾 o
“
- 10000

10000

震 6
“
-10000

300

０

　

００
一

輛
邑
＆

F ig . 2  
T h e t t  n O W  V e l

o c i
l
y  b y  
S h u t d O W n , (S itu

ホ io n  2 )



「ヨ「ヨ！卓ｉ料‐ギ‐ギ‐「‐「‐「ヨ
‐２

ヨ

ヨ

ヨ

ヨ

ヨ

ヨ

ヨ

373

at tim e サ= 0, under situatiOn l. T he result shOw s that it takes a lot Of tiine until the

now velocity reaches terttntt vぷue of 2.5 m /s.On the other hand,I the hypothesized
conditions tend to b e negative, under situ atiOn 2,the b eh aⅥOr Of the alr flow  velocity is

quite dir erent flom  th e form er case. F ig .2 is the silnulation result u nder the assum ption

of the accid ent point b ein g at the tunn el exit, and the n atural w in d b eing = 2.5 m /s. A ll

the ventilatOrs are shut dow n at サェ= O w hich is salne as the ab ove case. T he w ind velocity

in the tunnel reduces I■ore quickly,価d tt t s negative value after 6 1111nu tes. T his lneans

that the sm oke rlow s reversely w h ere vehicles ren■ain in the tun nel. It is considered th at

this should b e avoided frOIII the view p d nt of safety. If the ventilators are op erated in full

load ,instead of b eing shu t dow n , u nder situation l, the aiI IIOw  velocity keeps a rather

high vttue,w hich is ttso considered to be unfavOrable for evttuation circuIIIstance (F ig.3).

Sim ilar b eh avior is observed und er situ atiOn 2,fOr w hich the illustration is abbreviated .

T he fO110w ing cases are ttte reSults by sw itching the fans at む= O w ith several tom bina―

tions. IIl the irst case)in ig.4,the fans at the vertical shaft are shut dow n,and 嵐1l of the

jet fans are reversely operated under situation l. H cre, the w ind velocity in the tunnel

com es dow n to zero in 2.5 ■ェnutes. T rafnc force in section 2 takes large value because

the air■ow ve10city takes negative values of about-5 to -6 m /s.In Case that only the
vertical shaft fans are available for the suppression of the ttr flow  under situation l,it

is proper to shut dow n 9 e and keep 9 b m a対m um  value, so that b10ckage erect w ould

c a u se re d u c tiO n  o f th e a ir flo w  in  s e c tiO n  l . L a rg e p o sitiv e v a lu c O f P T  in  th e i rst IIlln u te

obserヤed is a good explan ation for the er ect. A s the b10w ing Of fresh air has the pressure

rise characteristic, how ever) dam ping is not as stron g as the form er case. If the p ttnt

of accident is near the tunnel exit,and the natural wind is - 2.5 m /s,the reductiOn of
air iow is m uch lnore qd ck,as is shown in flg.6,only with jet fans. Si□nilar behaviOr
滝observed by operating vertictt shatt fans Only (Fig.7). In thiS case, the pressure at

the junction pT take large negative values in the flrst IIllnule,W hiCh drives the air flow

velocity in section 2 negative,show ing a cleaF COntrast to the case fOr rlg.5. In these tw O

CtteS y 2 iS the object of control.

O P T IM A L  C O N T R O L  O F  T H E  E M E R G E N C Y  V E N T IL A T IO N

A s one of the authOrs has (hsscussed in the earher papeT[
13,the concept of optilntt contrOl

in case of em ergency for a 10nd tudinally ventilated tunnelis propOsed,w ith w hich the air

now is brought tO zerO w ith sw iftness and stability. In the present paper,above lnentioned

algOrythm  of Optim al control is generalized in that not Only jet fans but alsO vertical shaft
is em p10yed for higher pゃrfOrm ance.

T he infOrm atiOns the controller can Obtain are びb,びc, 4 1,ち2 and the num ber Of jet

fans in operation o O n the Other hand , 9 b, 9 c and PT are unknow ns fOr the contrOller.

U nder such circum stance,the algorithln of the optilnal control co■siS ts of follow ing steps:

1) Flow  rates of vertical shaft fans, 9 b and 9 と, are estim ated using the relぁtiOns of

continuity,characteristics of the fans and resistance of the duct thrOugh the vertical

sh aft.
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2) T he prさSSure at the bottom  of the vertical shaft pT iS estim ated from  the pressure

balance of the duct resistance and the fan perform ance.

3) T he reSidual forces are calculated from  the acceleration of the air ■ow  for each

division . T he residual force is the one w hich can■ot be k■ow n froln obtttned data

theoletically,but is cttculated as the diference ofthe tottt force lfrOm  accelerttion)

証ld the driving force by jet fans,w hich is estim ated in rather high accurtty.

4) N ecesstty force is calcu lated w ith an en ou gh large p rop ortion al gain so th at th e

target value is attained quickly. R esponsible forces for the jet fans and the Vertical

shaft fans are calculated according to the prescribed w eighting param eter 切.

5) B lad e an gles of th e vertical sh aft fan s, δb an d δe, are calcu lated . N ecessary n u m b er

ofjet fans ttj are calculated.

Th S prOcedure is executed at the beginning of each control period,and the instruction is

transrm tted to jet fans and vertical shaft fans.

S IM U L A T IO N  R E S U W S O F  T H E  O P T IM A L  C O N T R O L

Four cases are dem onstrated here in order to show the efectiveness ofthe proposed optim al

contrd algorythm .The target value% O is set tO Zero m /S fOr sim plicity,although it will

be set between 2 alld 3 1n/s fOr the safety in the upstream  re足早on・   A paralneter tt is

given to the sim ulator, w llich indicate the w eighting of vertical shaft fans` W hen tt is

zero,only jet fans are active,w h■e the vertical shaft is idle as in ig.8 (situatiOn l). ち1

com es to zero in tw o IIIlnuteS and stays at the value stably, although the trafnc force

changes violently. A ll the jet fans are reversely operated in the flrst tw o lm ■utes, and

the nulllber gradually reduces itself. In this case the pressure at the junction pr does

not take a large value com pared to the latter cases. W hen 切ェ=0.5,both fans are active,

and as the result, the air nOw  velocity tteaches zero in nearly a llinute, as is show 五iII

ng.9 (situation l). T he next case of the optim al control is executed under 切= 1.0,for

which jet fans are shut dow n and veltical shaft is active (Fig。10) under Situation l. In

order to reduce the velocity in the section l,9 c iS brOught to zero,w hile 9 b is Operated

in full load. A  higher now  rate of supply ホr causes blockage efFect,w hich brings ソ,l to

low er value quickly. T he im balance Of vertical shaft fans causes strong pressure thange

Of PT w hich results in a qd ck change of the air flow velocity. It is,how ever,nOt so lnuch

efFective because 9 b brings ttso m om entum  into the tunnel. For the situation 2,how ever)

the op eration of vertictt sh aft fan s is efFective en ou gh , as is sh ow n in i g . 11 (切
= 0). In

this case the exhaust iow rate 9 e arects strongly to leduce the ttr iow velocity in the

second section. T he behavior of the pressure at thejunction PT shOw s hbw it w orked out

well.
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C O N C L U S 10 N

A  num erical sim ulator for the em ergency ventilation control fOr 
the T rans―T okyo B ay

T unnel is developed. D ynam ic chttacteristiとs is studied for 
a better understanding to

estab lish strategies of em ergen cy COn tr
ol. A n op tim tt coIItrol ttgory th m  i

s p rop osed for

th e cu rreIIt ventilation system  w ith ill■b alan ce op erati
on of th e vertical sh aft fan s b ein g

em ployed,w hich is the extension of the one for the 
sim ple lontttudinal ventilation system

driven o■ly by jet fans. A lthough excellent perform anc
e is attained by the current control

m ethod,IIIore detailed silnulation is required w ith higher 
realiStic lnodels for the practical

application.
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