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£t 43 of fepertasce feow the patat of view of
pnblie sppesl that stmesvhorie seadiifons within Srommy
tunneis ave contrelled el thin aued 1imite am &n ha me a1}
times mors conmfertatbie thoen thoe ennditiens sravailineg ot
otreet lawole Thowy oabould not he mareod by osanss bsvrore
cture, drasaghts stagnent roskots of adr or waniessent odours.

hin fdeal may en eosasliony Yo U Eflewdlt to achiave
ae Faliwmarne ondacn a mild a8 gamarally nlaanant thensh
sozewhat vardisble climate with s vsan averags ﬁamﬁeraﬁstc’af
Sﬁ.@°9, » rafar diagran So. e

im m gasult the avorase ‘empgoraturs Aifforentis)
palow the asseriable manimus L the Lunnel which wauld Le
arallabhla Far tho ronaral of 2m0292 Boat By alr aftrnalating
wonld be of tha arder of 10 G 1377,

Howdvs? a detailod siudy of sreuific achenas may be
nacassery %o Jdeouvide «hethar adsguata g-d asatinfotory conkie
iation say o ashiavad by walural uoavesitisn allfad by wohdeole
cavaand ar *hebhar asolabtod cantliiating mav alas Na oeege
sy and ts vhat extont. |

Deavanss oractiee in ke zaot aprears s Lo to
“rovide adiitionsal wentilation only aftse 4% hav Law ceovad
NIGINVALY » i¥ Fome Lans® & danafdezanis tiza aiior.
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Yau'&vﬁh&wmrai duat created Jurisg construction wenid
be the concamn of the censtructien oergantzation and
should presont me unasual rmroblams,

tusl will Mewever be prodused theagh peshaps on a
sizer seale during epsysiion due %o ssnding for ade
hesion whila acvelervating and braking, tha dryiag of
wud brought in on peoples footwesr,and sweeping,

It &s not sntfelpaiasd that the dust srobiss would res
gaire soacial treatment, !

IT fmternal conbueiion fusl onegines are not sopedtied
within the temnels $his probles should be nval tgihle
sven thoush the air at stront lavel in to szome wztant
polinted by moter vohicles,

A compresssd afr Line through the lemgth of tha tunnel
For the cenvonience of mafntonanes peresnael DAy
warzant furthar censideration,

Thoas may aries from sewsr oas, Sown oas,fumes from
patste or other surface tresinont chemicals, and
semptises from demp earth, Suothor sourse of
ehjenticnnl cdours would 2o due to the breakdown of
equicsont enech as hnt acie bow or burat slezivical
insulation,

The elimination of sewe of these may reguire & come
sidaranlio movement of alvr,

This would be minor, It conld resalt from duwp
tumnel w2lls, on dayr whan the air drewa in from oute
side is both wazm and of hich humiditye “The solution
of couvse is to onsure that the walle are 4ry and

that thoye 48 adenunte air otroulations

It j» consfideved that the sovement of vadiclem threugh
the tomnsl will orsate such sir movemsat that the
problaw of stagaart pookate of air f# unlikely te
#rine. On tha ethey hand the clasrasce batesen tha
vehicles and the tnanel walls at prssent under cone
sideraiion should not result is szsassive dravghis,
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Thie in the eritericn for the demicn of the wontis
Inttane The goveralng factor will be sResenger
confort « and the ailm should be to ensure that the
tunnsls are prleasantly wawm in winter and alsc
y&@maauﬁay_nvﬁl fn supser,

The apror 1irtt chovld hHe comawtors in the ?0.75%p
range dsrending on husiditvw,

Refer table Y a2iso dlacrar Ve, e

Conditioning “nginsars.

e m———— 47— ————— oo ——
RELSTIVE NUMIDITY % 80 100
co—————— e oot - J

Comfort Torparatuse Zange
vintar r 88t | 875 | 67| 68" | a6 55
744 yar | 73y 713 | 00 $9°
Summey OF 745 | 7sx | v wis | ver 63
76 | 77 | 98| 7an | us. 224
*imeriean Tociety of Heating, Refrigevating ond ir

Tha entire slecirical snevgy coasampiion of andere
greund trams will sppsar asm hest, and apert from the aneray
losasns in sxitsrnsl sabetabtions and faodors this hoat will ba
it only =aame of smeape will
bs inte the tunmel walle and surroundiag esarth and in the agy
that L& blown owt or 4o sucked ocut of the tumuols.

raloaned within the tonnels.

The follewisg quotation whiod refare to the Londom
Tebes L2 takws From the bosk “Rsils Through The Tiay®,
vrimary pursose of the vestilation system on tube zatlways ie
o zenove hoat, and it has Geen netimated that 307 of the
hoat ralensed whean ooal s burat at Lota lead is svsminally

“ihe

emitiad in the tobe tuseals from moters, rvesdstasces snd
brabss, Haeat from paszengsre’ Lodiss ndde a 11ttis more.
The subseoil surrounding tubs tuansls haw hess ayaduslily
varnisng uf avey wince thy linom wars sresed® The Londaw
Talme waye at ahout P8°F in 1968.



4t presant Owanston “treet is traversad by ovas
1,000 tranme por day i sach direction and the Tower consumad
per tram mile {8 3,27 kwhre Thoow traws carry about 90,000
pacsangerss 2 48 4 assumad that

{3} 16 poaple xelease I Rilowait of haat « yataer
avpendin Soes I and Jddacrem Uo. 2

{($4} the average tram lead o 29 voorle 1.6, the trams
antey anply and jeaes witk 45 poonls or vice varsa

{444) the awverage sread 1o 12 meDehe

than the hest relesees by the rasssagers per dvam nile i
therafore

- % = -ﬁ kwhre por sile

m 3ol kubte por nile.
fange 1,000 frenz wiil releoase nbeout §,500 huhr. cor sils of
siagle tunasl vhich is eouivaloat 4o an awarags heal relesse
spraad over he 24 hours of alont 150 bwe por =4lo of Suntol.

If hewsver the sarvios i doubled by mourliang in
pairs snd both the rate of aessleration and top apsed are
incrasasd thie haat releame could %s f{nereansd ur %o the
order of 450 bwe vor mile, which would bﬁ'bﬁ%iﬂﬁiﬂﬂt to &
1 kwe radintor avory 12 fooi radiating contimnoualy,

* ~.;'~,- £ ISt - # o i & 15 W
CRIICE S TXEN W AR ¥

If the average oulside alr temperature (o assumad
to be 58°F amd that ale 48 haated 150 3o that it o ome
haustad at 71’?; then the air changus may be dotermined s
follows,

Volume of tusnel pey sile s 1,100,000 oft,
{18 £t, imternal diemetser)

“epume aly density is 10 cfte per ib.

¥ines of aly in o =ile of tunnel -~ 92,000 1be
IF tho specific host i 0.2330us%0f1k,

and the tesperature rise fe 3§°¢

fest tsvat e air rer mile of tumasl  « 330,000 BeT.l
(74moe 3 kwhe, « 3433 BToTs) = 93 kwhrs

Por presant sepyvice with an aversoe hest
valoass of 150 Ew, nar mile
fiumbar of alr chenges voguirvad rer hoyy = 1.6

It hoast relosse incresses £o 450 kwe pay
nile anmder of alr changes reguired
vy houy " £o8



It is of iaterest to note that fanc on the Lomdon Tubes are
capable of ylving about 3 air chasges per hourw, and te this
sust be added alr changes dus e trains and astural cone
vagtion through openings,

Se1.

o2,

Liston sation of wahiclos,

if the vabioles operate through separats tunnels whiok
are sonnooted at mtations then if cach tran acted sa
an airtight piston thare would bo ome conplotes aty
change betweez the tumnel bwolaning (or aad) and the
first station for sach tryam, In practice though,
leakage past wvehivles would he iarge, the volume of
alr swept in and out wesls ba mors thas adeguats gt
the first statiom.

Thars would Ba & sieflar siy intavehange with the
first and sesond stations, but of course the mean
air temperaturs oirsulated betwesn theae stations
would bs hicher and thus the segond station would be
WArTEars

It is Darefore resascnable is assume for a comparae
tively short tumnel with 2 oy 4 stations and the *yp”
and “down” tunnals are sevarated betwren stations,,
ventilation by the tram is iikely to prove adeguate.

Passagoways and earious snderground rooms may howsver
require speeial vontilation, '

it does not nosessarily follew bowever duringy -rolonged
periods of oxtrome weathor conditione that oonditions i
the tunnel theugh serhape remaining move eomfortable
than at strest level may not also become unploasant
despite the squalising offeot of the tesperature of the
tunael walla,

Yentilation 22etien.

This ie bhased cn the #ivrle nrineiple that “warm air
ti298", The basio problanm hora {a that the air mavae
ment depends on the tomperature differancs betweens the
atmosrhare in the tunnel and that ountside.



Uhile 4t may be utidlived to provide sonnidesabls sis
sovarent averaged owey considerable perieds, refer
dingran Fe. 3, there may he perieds of several dave
howvaver duving doat weaess when 1t would be fneffeotive,

A toghnical predlem would be to provide the nesercary
outiets of mufficient croan sostion area te handle the
racuired volumes of alr. lTovations for suwoh eentis
lation shafts and towers would be MFfFioult s obtaln
within the Centyal City Susiness Arvea,

i mtreng prevatling wind in the line of o tusmel of
some longth tos weuld eause n conniderable flow of sir
sleng ite entfre longhth, bmt 1t would he hoth variadle
and anpradiotable, and could oavse diseonfort to
poople walting at the First station.

Se3s  Lorged veatilstign.

This is of courss the most reliable methed and by
uring fane the denired alr flow may be achisved
directly to wherse 1% weuld ke most eoffactive, This
wald ba most desirable in yegioas where psople are
waiting for the trams. Duct sizes may b roduced to
the esonemic minimum taking inte sonnideration the
additional cost of operation dua ts the inermased
velovity of air flow.

The fdeal weuld be te drav the air fvom well abevs
streat level away from dust snd peterear axhaust fumes
and blow it imte the tunnels. Thus the tusnels wounld
be pressurised foreing the air to sscaps along trenway
tunnels, passsager sveess tumnels, snd selocted

shafts through gratings at strest lovel or conveetion
towera,

e AIR.SONRITIONTNG,
This is likely %o be reguired only for spssialized
arplications sueh as offices, whope and phambers housing

special equipment, It L{s sot 1ikely to have smy apvraciable
influsnce on the preliminsry design of wnderground trsmweys,



REFER M 0.MaR A%, OUIDNE AHD nATA 300K 1088,

VALUES SPPLY 70 A IS4L8, MAX axd

50 0T IUCLUDE FWIT PAVIES,
KI¥D OF ACTIVITY
VORK

- .

ﬁiiﬂﬁillt
Sitting guietly,

Jitting, weodewate arm and trunk
movanento .

Light
work

Sitting, moderate arm and leg moves
nents (o.0. driving a =ar in traffie)

Ttanding, lioht work st mschine or
beneh, mostly arme,

loderate Titting, heavy leg and am
work movements,

Standing, 1ight work at machine or
beach, some walking abouk,

Standing, moderats work at machine oy
benoh, some walking about.

“alking sbout with moderate lifting

or pushing,
Heavy Intoyeittont heavy 1ifting, pushing
mx or g}lllw {eegs vick and ;hml
m& »

Hardest suntained work.

te = Ons kilowatt = 3418 ba.t.u.fhr,

L » Refer diagram Hoe. 3 for heat loss

due o convection and radiation,
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RADIATION & CONVECTION B.T.U/HR
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ODIAGRAM No-2

HEAT GIVEN OFF BY
RADIATION & CONVECTION
FROM HUMAN BEINGS —
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REFER MARKS MECHAN/CAL ENCINEERS HANDBOOK SIXTH EDITION.

REFER APPRENDIX N°/ FOR VALUES OF ENERGY METABOLISHM (M)
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