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PATENT OFFICE.

~ CHARLES A. MORRIS, OF BLOOMFIELD, NEW JERSEY.

'METHOD OF VENTILATING TUNNELS.

No. 855,118,

Application filed July 14,1906, Serial No. 269,606,

Speciﬁcation of Letters Patent.

To all whom it may concern:

Be 1t known that I, CEARLES A. MORRIS, a
citizen of the United States, residing at
Bloomfield, in the county of Essex and State
of New Jersey, have invented certain. new
and useful Improvements in Methods of Ven-
tilating Tunnels, of which the following 1s a

specification.

- My invention relates to the ventilation of
tunnels and subways, and more particularly
to tunnels in which passenger trains, particu-
larly electrically propelled, are operated.
The object of this invention is to expel the

“stagnant, foul or heated air from underground

structures, particularly subways or tunnels in

- which are operated cars or trains; and, also,

 tunnel, or other structure. This object 1s
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to secure an ample supply of fresh air to the

accomplished by displacing the air by the
movement of a car, train, or other body, the
latter having a piston-like action on the air
in the tunnel or -other structure. The air
thus displaced finds an exit through flues or

conduits, the latter being independent of the

passenger entrances or exits, and such air 18

trapped against return to the tunnel or struc- |

ture to be ventilated. . -

The displacement of the stagnant air takes
place, preferably, in advance of the moving
train, which is adapted to have a piston-like

action on the confined body of stagnant air.
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Fresh air is induced to flow into the tunnel
through the passenger entrances and exits

by the suction created due to the movement

of the trains, or, if desired, the inflow of fresh
air may take place through {i

 independent of such exits and entrances.
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- The flues or conduits, for the exit of foul
air, or the ingress of fresh air, or both, may be ,
constructed in various ways. It is preferred,
however, to utilize the columns or pillars or-
dinarily employed in tunnel construction in

the erection of such air flues, and to locate
said flues at suitable intervals throughout the
length of the tunnel. An important feature
of each air flue consists in the employment of
a valve or valves which are normally closed

against the passage-of foul air from ‘the flue
back into the tunnel, such valves being oper-
ated preferably by the air current or pressure

generated by the movement of the train,

- whereby the stagnant air is caused to flow

- from the tunnel into the flue. .
arrested by the automatic valve or valves, 1t

s

Tts return 1s

being allowed to discharge through the flue

ures. |

ues or condults

plane of the dotted line 11—11 of K1
Figs. 12 and 13 are views illustrating

Fatented May 28, 1907. '

' The flues mdy have Separate 'poinfs of dis_—-- -

charge into the outer atmosphere, or such

flues may communicate with and discharge

. Into a common conduit running lengthwise

of the tunnel, preferably above the same.

. Different embodiments of the invention

are 1llustrated by the accompanying draw-
ings, forming a part of this specification,

wherein like characters of reference are used

to indicate corresponding parts in all the fig-

Figure 1 is a vertical longitudinal sectional

equipped with my ventilating means and

illustrating diagrammatically the operation

of & moving train in displacing the stagnant
alr. Ifig. 2 is a vertical cross section through

the tunnel shown by Fig. 1 illustrating a se--
‘r1es of four tracks therein and the ventilatin

elevation through a portion of the tunnel

g 75

devices used in connection therewith; Fig.

3 1s a vertical longitudinal section somewhat

similar to Kig. 1 and showing another em-
bodiment of the ventilating devices; Fig. 4

1S & vertical cross section on the line 4—4 of

8o

Fig. 3, illustrating another method .of dis-

charging the stagnant air from the ventilat-

ing flues of the tunnel; Fig. 5 is a horizontal

sectional plan view through the structure

| represented by Fig. 3, illustrating a portion

of two adjoining tracks; Fig. 6 1s a sectional

-Pla,n_ view of another embodiment of means

for discharging the stagnant air from the

tunnel and for supplying fresh air thereto by

devices wholly independent of the passenger

entrances and exits; Fig. 7 1s a sectional ele-

9©

vation taken longitudinally through a por-

tion of the tunnel, illustrating the means for

suplying fresh air due to the suction created

by the moving train; Fig. 8 1s a vertical cross

| section taken in the plane of the dotted line

95

8—8 of Fig. 6, looking in the direction of

the arrow; Fig. 9 is a sectional

Iﬁan View
through another embodiment of the inven-

‘tion, wherein the stagnant air 1s adapted to
enter the flue and discharge conduits at the
top and bottom, respectively, of the tunnel;

I00 .

Fig. 10 is a vertical cross section through the

structure shown by Fig. 9; Fig. 11 is a ver-

105,

g. 9;
dif-

ferent means for counterbalancing the mov-

tical longitudinal sectional elevation in the

able valves of the air eduction flues. o
A designates a tunnel or an underground

subway, the roof @ of which is supported by .

110

or flues extending exteriorly of the tunmnel. | columns or pilla,rs, arranged in rows as i_,ndi-' '



e

IO

20

_30

35

40

5¢ P

60

flues or conduits indicated at D 1.

2
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cated at C, ¢/, C*.  The bed or floor ¢’ of the | tion flies hetween any desired rows of col-

tunnel has one or more railway tracks B, on
either of which is adapted to travel a car, or
a train of cars, indicated at G.

For conveying the vitiated or foul air from
the tunnel, I provide a plurality of eduction
These
conduits are preferably wvertical, and they
are placed at suitable intervals. These flues

D D’ are constructed or erected between ad-

jacent columns of a pair in each row of col-
umns C, C/) C?) thus utilizing the columns or

pillars which are employed in the construc-
In If1g. 1 of the drawings,

tion of the tunnel.
I have shown two of the flues D D’ at every
sixth column, but it will be understood that
the distance between the flues is not material
and can be increased or decreased as may be
desired. Kach eduction flue for the vitiated

air 18 constructed to trap the air entering

therein against return to the chamber of the
tunnel, and this trapping means may be em-

“bodied in various forms of comnstruction,

some of which are illustrated in this appli-
cation as different embodiments of the pres-
ent 1nvention. In.the construction of each
flue shown by Kigs. 1 and 2, the sides of said
flue are formed by a plurality of flap valves
indicated at I ¥'.  The valves on one side of
the flue are pivoted so as to open inwardly
under the pressure of the air which is pro-
duced by the movement of the car G on one

“of the tracks, and these valves are adapted
to be held In closed positions normally by

any suitable means, such as a form of coun-
terpoise, two forms of which counterpoise
are represented by Iigs. 12 and 13, either of

which may be used. It will be seen that the
dlue D D’ are

valves I on one side of each
adapted to be opened by the pressure of air
when the train moves in one direction along
the second track B, but the valves I’ in the
other part of said flues are intended to be
opened by the pressure of air which is dis-
placed by the movement of a car or a train
adapted to travel on an adjacent, or the first,
track of the series provided in the tunnel.
The flues D D’ communicate at their upper
ends with the conduit E. This conduit is
rovided at or near the upper ends of the
columns C%, directly below the roof @. This
condult runs lengthwise of the tunnel, just
below the arch or roof thereof, and said con-
duit 1s shown by Fig. 1 as being provided
with a discharge branch ¢. The branch of
the conduit may lead to any suitable place of

discharge exteriorly of the tunnel, as for ex-

ample through the roof of the kiosks, which

‘provide an entrance to, and an exit from, the

tunnel for the convenience of passengers in
obtaining access to the train or in leaving the
tunnel. It is evident that the branch e of
the conduit may be carried to any other
place of discharge for the foul or vitiated air.

I contemplate the employment of the educ-

| pressure of air in advance of a train traveling

umns, and 1n Kig. 2 the edvetion flue IKisshown
as being provided at the upper ends of the row
of columns C. It should he understood that

the eduction flues, similar to the flues D 1Y of

the columms C? are provided hetween the
columns of the row C, and it is evident that
stmilar eduction flues and an overhead con-
duit may be provided in connection with the
columns €’ without departing from my inven-
tion.

In the operation of the system, the move-
ment of a car or a train, such as G on one of
the tracks, compresses the air in the tunnel,
thus creating or establishing acurrent. The
pressure of the vitiated air in advance of the
moving car (x is utilized in opening the {lap
valves of the successive eduction {liies, as in-
dicated by the arrows in TFig. 1. The air
thus compressed will not only open the flap
valves, but it will readily {low into the {lue
and thence pass through the conduit into the

discharge branch e thereof. The air, however,

1s trapped by the automatic closing of the
flap valves in the flue, so as to prevent the
return of the vitiated air to the chamber of
the tunnel. It will be noted that the move-
ment of the train through the tunnel com-
presses the air in advance thereofl so as to ex-
pel the vitiated air throvgh separate duets or
flues which are independent of the entrances
or exits from the tunnel, thus preventing the
passengers when entering or leaving the tim-
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nei from encountering a blast of vitiated air.

At the same time, the movement of the train

‘through the tunnel creates a suction in the

rear of the train, which 1s suflicient to draw
iresh air through the passenger entrances or
exits mto the chamber of the tunnel, hut this
particular method of ventilating the tunnel
1s not relied upon exclusively for the mainte-
nance of fresh air in the tunnel through the
passage entrances or exits, hecasise, as will
heremafter appear, the supply of fresh air
may be induced, by suction of the moving

train, to flow through conduits and flues in-

dependent of the exits and entrances.

In the embodiment of the invention shown
by Figs. 3 and 5 inclusive of the drawings,
the detailled construction of the eduvetion
flue 1s modified and provision is made for dis-
charging the vitiated air through the condrits
of underground electric or cable surface rail-
ways. Instead of employving two series of
normally closed flap valves on the respective
sides of each air eduction flue, I mav cmmploy
a single vertical valve or gate on each side of
said flue. As shown by Fig. 5, the sinele
vertical valve F* is hung at one edge thereof
so as to be opened by the pressure of air gen-
erated by the movement of a train in one di-
rection, as shown by full lines, but the othen
vertical valve F® on the opposite side of the
eduction flue is adapted to be opened hy

o
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as indicated by dotted lines.
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In an 'oppt)site direction on an adjacent track,
| _ . The flue D?1s
constructed between adjacent columns of the

- row, and said flue has communication with an

10

overhead or elevated conduit E2.. From this
conduit extend the branches ¢/, which have
communication with the conduit H of a sur-
face rallway 1, thus making provision for dis-

charging the vitiated air by fluesinto the con- |

duits, and from thence into the street directly
over the tunnel, as shown by Fig. 4.
A further modification of the ventilating

- system is represented by Figs. 6, 7 and 8 of
~ the drawings, wherein the movement of a

15

train through the tunnel serves to not only
displace the vitiated air therefrom through

~ flues independent of the passenger entrances

20

~or exits, but such movement of the train also

establishes a suction by which fresh airis sup-

plied to the chamber of the tunnel through

flues which are also inidependent of the passen-
ger entrances and exits. - In Fig. 8 the sys-

- tem 1s shown 1n connection with the tunnel
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‘having only two tracks B, and a single row

of columns C?, but it will be understood that
the system may be extended to apply to tun-
nels having three, four or more tracks, as may
be found necessary or expedient. On one fo
the tracks is adapted to travel a train, the

front and rear cars of which are indicated re-

spectively, at G’ G?, while on the adjacent

track 1s adapted to travel another train, the

front car of which 1s indicated at (3. In this
embodiment of the invention the spaces be-
tween the columns of the row C? are built up
so as to provide a substantially continuous

partition, which runs lengthwise of the tun-

nel and serves to divide the latter into com-
partments or chambers, said partition being
constructed so as to secure the eduction flues
for the vitiated air at proper intervals, and
the induction flues for the fresh air also at
intervals. The partition running lengthwise
of the tunnel consists of sections J J’, ar-

ranged between and relatively to the columns

(?, as represented more particularly by Fig. 6,
sald parts J J° of the partition being inter-
rupted or broken at suitableintervals so as to
provide the recesses or spaces j between cer-

tain of the columns, in which recesses or
- spaces the trackmen may stand out of the
way ol the trains adapted to travel on the

tracks B. The eduction flues D* D* are pro-

vided on each side of the partition by suitable

walls @ d’. The entrances to the flues D* on

one side of the partition are normally closed
by flap valves F°, adapted to be opened in one
direction by a train G’ G*on one of the tracks,

but the entrances to the other flues D? are
normally closed by flap valves ¥4, adapted to

- open In another direction by the pressure of

alr generated by the movement of a train G3

traveling in an opposite direction on the ad-
Jacent track, as will be readily understood by

—

eduction flues D* D* are fresh air induction
flues K, the same being constructed in the

longitudinal division wall or-partition wall of

the tunnel, and each being provided with a

flap valve or gate k, which is so hung and ar-
ranged to be opened by the suction created

8
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by the movement of the train, or the last car
(* thereof, whereby the suction inducesthe

-

flow of freshrair through the flues K into the
-tunnel back of the train. The valves to the

induction flues are hung so as to be normally

closed and prevent the entrance of fresh air

75

into the tunnel except at the time of the pas-
sage of a train, the suction from which create

a partial vacuum suflicient to open the valves
k, and thereby provide a successive series of

80

alr Inlets to the tunnel for the purpose of re-

placing the vitiated air which is expelled in
advance of the train through the eduction

flues D2 Dt

The eduction flues D?* D* communicate at

their upper ends with horizontal conduits E3 =

extending close to the roof on one side of the

columns C?, as indicated by Fig. 8, and from

these conduits I&? extend suitable branches

90

by: which the foul air may be discharged at

any suitable or convenient place or places.

‘With the fresh air induction flues K commu-

nicates another conduit K’, the latter being

substantially
K2 and adapted to supply fresh air from a
suitable source outside of the tunnel to the
fresh air conduits K, the two conduits E* and

K’ being compactly disposed-below the arch

of the tunnel and relatively to the columns C?.

parallel to the foul air conduit’

95
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A Turther modification of the invention is

represented by Iigs. 9, 10, and 11, wherein

provision 1s made for the intake by the educ-
tion flue of vitiated air at the floor and the

root of the tunnel. The eduction flues D?,

DS, are constructed between the columns C°
of one row within the tunnel A, said flues be-

ing spaced at proper intervals, as shown by
Figs.9and 11. Kach flue is shown as having

a branch D7 at its lower end and another
branch D? at its upper end, the branch D7

being construeted in the floor or bed «/,
while the branch D? i1s in the roof or arch. a of

105
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said tunnel.” The lower branch D7 of each

eduction flue opens upwardly through the
‘bed or floor ¢/, and 1s constructed with one or

a plurality of valves F¢ adapted to be nor-

175

mally closed and to be opened by .the pres-

| sure ot air due to the passing of the train,

thus admitting foul air into the branch D7,
from whence 1t passes through the flue
through a suitable discharge conduit E°.
The other branch D® of the eduction flue is

constructed in the roof a, so as to have an

opening into the top part of the tunnel, and
as 18 evident by an inspection of Fig. 11, this

flue D® has one or a plurality of valves F7,

which are normally closed and are adapted

to be opened by the pressure of air for the

65 reference to Fig. 6. Alternating with the | purpose of admitting the foul air from the

120 .
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top of the tunnel into the branch D? {rom |

whence the air flows through the conduit I£°.
As shown by Fig. 9, the bottom branches 7
of the adj acent flues D* D¢ extend in 0PPO-
site directions, so as to lie below or within the
respective parallel tracks B, thus making
provision for admitting foul air to the re-
spective flues associated with the different
tracks of the tunnel. .

Under some circumstances it may be de-
sirable to cool the fresh air supplied to the
tunnel, or other chamber. Itisevident that

the fresh air may be cooled by any known

form of refrigerating appliances so related to
the fresh air induction flues as to cool the air
betore 1t 1s discharged into the tunnel.
Changes 1n the form size, proportion, and
minor details in construction may be made
without departing from the spirit of the in-
vention or sacrificing any of the advantages
thereof, and I, thereiore reserve the 1"'10*ht to

malke such alteratlons and modlﬁca,tlons 8.8

fairly fall within the scope of my invention.

Having thus described my invention, what
1 claim as new and desire to secure by Let-
ters Patent 1s:— J

1. The method of ventilating an under-
ground structure which consists in expelling
foul alr from sald structure and admitting
fresh air thereto by the motion of a moving
car or body in-the structure, and trapping the
expelled foul air ag&mst return to said struc-
ture.

2. The method of ventilating underground
structure’s which consists 1n foreing air out of
sald structure through normally closed out-
lets, by the motion of & moving car or body
therem trapping the expelled air against re-
turn to said structure, and also drawu‘lﬂ' fresh
air into the structure through normally
closed inlets operated by the movement of
said train.

3. The method of ventilating rallway tun-

nels which consists in dlsplacmg the air in
the tunnel, and forcing it out of said tunnel,
by the motion of Moving car, eonductmw
the expelled air to a place of d1scharge inde-
pendent of the entrance to, or exit from, the
tunnel, and trapping the air against return to
the tunnel.

4. The method of ventilating railway tun-

nels thh (‘01181813 11N est&bhshmﬂ* a current of

the foul air in the tunnel by the motion of a |

. extertorly of the

- tion of a moving (*511 theuﬂn

‘nel through norma.

foul air from the tunnel by the piston-li

855,118

car; inducing the inflow of fresh air by the
suction created by the motion of the car:
conducting the foul air to a place of discharge
tunnel; and trapping the
foul air against return to the tunnel.

5. The method of ventilating railway tun-
nels which consists in (hsp]acmtr the air in,
and foreing 1t out of, the tunnel by the mo-
utilizing the
pressure of the (haphcod air in 1111])})1110' the

same against return to the tunnel, and con-
duotnw the trapped air to a place of discharge
extenolly of the tunnel.

The method of ventilating tunnels and
qumhl chambers which (‘011%1&.1;5 N COMPTess-
ing the air therein by a moving body, auto-
:natlc‘ﬂ]v expelling such compr essed air from

the tunnel through normally closed exifs,

and autmnatwallv introducing fresh air in

sald tunnel thr ourrh normally closed inlets.

7. The mcthod of ventilating tunnels
which consists 1n 51111111[;&11(}011%1\” drawinmg
fresh air into the tunmnel through nor mally
closed 1nlets and compressing the foul air in

sald tunnel by a moving car, and in utilizing
the air thus compwsge(] to mltmnatwﬂllv OP-
crate valved exits to the tunnel, whereby
such foul air is permitted to escape against
return to the tunnel. '

8. The method of ventilating tunnels
which consists in compressing Lh{‘ foul ar
therein by a moving body and in utilizing
sald compressed air to automatica Iy oper ate
normally closed exits for the escape of said
compressed foul air from the tunnel, and si-
multaneously admitting fresh air to the tun-
Iy elosed mlets operated
bv sald moving body. '

The method of ventilating tunnels and
snmlal chambers, which consists in expelling
ike ac-
tion on such air of a car or train moving in

sald tunnel; drawing fresh air into the tunnel
by the suction created by said car or train;
and cooling the fresh air prior to, or at the
time of, 1ts admission to the tunnel.

In tcstunmw whereof 1 have signed my
name to this specification in the presence of
two subscribing witnesses.

CHARLES A. MORRIS.

Witnesses:
RoBErT HEAD,
H. T. BerNitanrb.
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