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- -

INTRODUCTICH

. Railroad locomotives precduce heet, gas, and smoke, which cause considerable
discomfort to engine men and firemen while passing through tunnels. 13 order to
iry and improve these conditicns, the Bureau of Mines has investigated the com-
pcsition of atmospheres in cabs c¢f freigh lccomotives while in tunnels; and some cf
the higher temperatures in the cabs were noted; physiolcgical effects upon men were
determined and gas masks and respirators were devised to eliminate the effects of
irritatiag and poisonovus gases and smoke. 9These investigations were conducted in
tunnels of the Baltimore & Chic, Pennsylvania, and Unicn Pacific railroads; while
that described in this paper was carried out in tunnels of the Chesapeake & Chic,
R§11§‘oad; situated in the Blue Ridge and Allegheny Mcuntains in Virginia and West
Virginia, Freight lecomotives used by this railroad are of the Mallet type, which
have two separate ¢ylinders and two separate sets of driving wheels on each side.
In locomotive language they are of the 2-6-6-2 type. All of the cylinders act as
simple engines when starting or in slow, heavy hauling; but at faster speeds the
pair of cylinders on each side operate compound, Mallet loccmotives are the larg-
2st and most powerful ncw operated. '

The tendency in train operation has always been to increase the burden
upon lecomotives,  Present traffic needs frequently lcad even the Mallet engines
tc capacity, and yet the weight of trains tends tc increase. It has been suggest=
ed as a xeans of securing greater power units that Mallets be constructed to cpe-~
rate only as simple engines. This would increase the amount of steam given off as
wall as the amount of coal burned and the resulting volume of flue gas emltied.

T Associate physical chemist, in charge of industrial gas laboratory, Pittsburgh
2 Experiment Station.
3 ‘Assistant chemist, Pittsburgh Experiment Station.
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Heretofore the high temperatures in cahs were attributed principally to
exhaust gases and steam, and in the present teste especial effort was made to de-
termine the temperatures at different positions in the cab and the relative effect
cf the exhaust gases and heat of the boiler in causing discomfort. It was found
that stack gases entering the cab cause only a little increase in temperature; il.c
increased humidity is principally due to steam carried in the stack gases; the ez
posed parts of the boiler, however, play an important part in raising the tem-
perature in the cab.

Efforts were made to increase the comfort of the engine crew by blowing
cool and smoke-free air upon them by means of specially installed blowers from a
point 24 inches above the center of the rails between the locomotive and tender,
as shown in Figure 1. The enginemen and fireman found this air better to breathe,
and their feeling of comfort was increased somewhat thereby. Turbulence produced
by the incoming streams caused the air in the cab to impinge upon the boiler and
become heated, so that outgide of the direct line of the air streams little cool-
ing was felt, and sometimes the discomfort seemed to increase.

The ill-effects and discomforts due to heat and gas may, of course, be
eliminated by forced ventilation of tunnels or by substituting electric for steam
locomotives, but such changes are outside the scope of this paper.

VENTILATING FANS FOR LOCOMOTIVE CABS.

On account of the high temperatures, smoke and irritating gases which
cause the difficult breathing experienced by crews of freight trains in tunnels,
Geo,W. Bebout, electrical engineer for the C. & O, R,R, proposed blowers or fans
for ventilating cabs with pure cool air drawn from a position low in the tunmels,
4 trial installation was built on lallet locemotive No, 840 by J.J. Ewing, en-
gincer of tests, Figure 1 shows details of the steam turbine, blowers, and con=
necting pipes, all of which were mounted on tRe frame beneath the cab floor, ope
complete unit on each side of the locomotive.

As previously stated, the intake air is drawn from a point about 24 incher
above and midway between the rails, through 6-inch galvanized sheet iron pipes, to
a Sirocco type rotary blower capable of delivering 1000 cubic feet of free air per
minute. The discharge pipes, 4 inches in diameter, terminate at points 12 inches
above the floor in front of the cab seats, and direct the air streams at the pos-
itions of the fireman and #ngineer. The blowers were driven at 3600 r,p.m. by
small, direct-connected steam turbines, like those unsed for driving electric gen-
erators for the headlight. The turbine, blower, and base plate occupy a space
approximately 16 by 19 by 16 inches high. Steam valves for the turbine were
placed above the boiler in the cab with wheels arranged for convenient operatian
by the fireman,

Exact measurements of the volume of air delivered by the blowers were not
made, but it was estimated to be more tham 500 cubic feet each per minute, or
gnough to replace the cab atmosphere at least twice a minute,

DESCRIPTION OF TUNNELS

Tests were conducted in 19 tunnels befwéen Charlottesville, Va., and

Wiwmmmmqme 2.)
Since this investigation the writers have learned that similar dblowers for ven-

tilating cabs of freight locomotives are being used in tunnels of the Norfolk
and Western R.R, They are reported as being satisfactory. The Southern Railway
8180 has used them but does not favor them, partly because of maintenance ree
quirements, -2-
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This includes twc districts, each of which gonstitutes a "run” for locomotive and
crew., In the Mountain district, from Charlottesville, to_Clifton Forge, Va., a
distance of 96.3 miles, are eight tunnels, all single track. In the Allegheny
district, between Clifton Forge, Va., and Hinton, W. Va., a distance of 79.3 nilos,
nre eleven tunnels, turee of single track and sight of double track., Table 1 gives
the physical data of all tunrels and their situation.

The Blue Ridge tumnel in the Mountain District, 4263 feet long, with a
grade westward of 68.7 foet per mile (1.3 per cent) is worst fcr westbound trainmen;
while the Millbcro tunnel, 1335 foet long, with a grade eastward of 74 feet peor
wile (1.4 per cent) is worst for eastbound trainmen. The double-tracked tunncls
of the Aliegheny District have much greater clearance than single-tracked tunuels,
and are more comfortable as a rule. Of the tunnels on the Allegheny district the
werst eastbound is Second Creek tunnel and westbound is Big Bend tunnel; both are
single track tunnels. Big Bend tunnel is 6,478 foet long with grade frcm both ends
to a pcint 1500 fest from the ecastern portal. It is provided with a ventilating
fan for blowing eastbound trains but not for westbound trains; despite a slight de=-
scending grage westbound it is necessary to work steam so that Big Bend tunnel
westbound is the worst in the district. Lewis tunnel, although it is 4,019 feet
long and single tracked on a grade westbound of 60 feet per mile (1.1 per cent), is
not uncomfortable since it was provided with a large ventilating fen for blowing
westbound trains; trains drift through it eastbecund, Allegheny tunnel on the west
side of Allegheny [tountain is long, nearly a mile, but it is double-tracked and
gives little trouble from heat and gas.

Descripticn of Trains.

Investigations were conducted on five trains at random. Descriptive data
¢f the trains is givean in Table 2. The five trips covered the two districts once
in each directicn, with one extra trip west from Clifton Forge, Va., to Hinton, V.
Va. ~

Four of the tests were on locomotiwe No. 840, on which were the ventilating
blowers, as described. At the time of trip No. 4 from Charlottesville to Cliften
Forge, this engine went without load, so that this test was made on locomotive Ne.
780 which followed with the next train.

Both locomotives were of the Mallet type. No. 840 alone weighs 437,800
pounds, and with tender, 614,000 pounds. Its length is 63 fect 10-1/2 inches, and
89 foet 4-1/4 inches overall with tender; and height 15 feet 1/4 inch from rail tc
top of stack, The tractive force as a simple engine is 94,000 pounds, and as com=
pcund engins, 74,200 pounds., No. 840 is equipped with Duplex mechanical stokers.
No. 780 ig similar to ¥o. 840 but weighe 4,000 more and has Street stokers.

On trip No. 1 from Hinton, W, Va., to Clifton Forge, Va., the heaviest
train was hauled - 3623 gross tons - which is near the limit for the locomotive on
the steeper grades. Two trips had maxXimum loads of 3370 tons, and the cther two
trips carried 1184 and 560 tons. '

BESULTS OF TESTS

r The results of the tests are given in Tables 3 and 4, which state respect-
ively the observations in tumnels of the Allegheny district and the Mountain dis~
trict.

S



TABLE 2, - Description of trains on which tests were conducted

Irip Train Starting Date in . Bound east Gross Remarks.

No, No, from Cet., Time or west Engine No., tonnage

1 Extra Hinton, 12 " 5.50 p.n. E. gho 3623 Locomotive No.
Wi.Va, 840 has blow-

ers for ven-
tilating cab,

2 Extra Clifton Forge,17 2.22 p.m. W, 8lo 3370 Ronceverte to
Va. Hinton, 1633
tons.
Firzt " 19 1,49 a.m, E, gho 1184
Q

L L9  Charlottesvillc,
Va. 20 17.50 a.m, W, 780 580

5 Bxtra Clifton Forge,
Va. 20 10.08 p.m. W, 840 ( 820 Started with

(2379 820 toms;

(3370  picked up 1559
tons at Cov-
ington; pick-
ed up 991 tous
at Ronceverte-
2370 tons
through lewis
tunnel, 3370
tons throuzh
Big Bend tun-
nel.

CO.PCSITION OF CAB ATMOSPHERES WHEN IN TUNNELS

The gas analyses in columns 18 to 23 of Tables X and Y4 do not indicate ex-
ocessive amounts of carbon monoxide which is the poisonous constituent of flue gases
produced by incompletc oombustion of carbon. The highest found was 0,16 per cent
in the Millboro Tuanel during trip No. 3. This inight be dangerous in half an hour
should a train be delayed in the tunnel or happen to stall, but would have no
noticeable effect during the two minutes duration of the usual passage. Another
sanple of the cab air was taken during this trip through the lillboro tunnel, but
the glass container was broken in shipment to the laboratory. Four gas samples
taken in the Lewis tunnel during trip No. 5 gave 0.11, 0,08, 0.00, and 0.10 per
cent carbon monoxide, an average of 0.07 per cent. Samples from four other tunnels
gave 0,07 and 0,02 per cent, which is not importart. It appears from the analyse
that the gas hazard might become considerable in these tunnels only in case a tralu
is delaycd or stalled.

PROIECTION FRObM SMOKE AND IRRITATING GASES BY MEANS
OF PCCKET=SIZE GAS EESPIRATORS

As a2 rule, the difficulty in breathing varies with the smoke, as is shewn
in columns 24 and 25 of Tables 3 and 4; but this may not always follow when smoid



TABLE 1,= Physical dntn and situation of tunnalg;oh C, &0, R, & between Charlottesville,

Va., and Hinton, W, Va,

Hinton, W,Va, v e

Tunnel Name Portal ) Grade
No, approx. Length, Yeet per Upward slope, Height rail Width,
miles west of Nearby station feet mile east or west .to crcwn, fcet, Tracks
Fors Monroe, feet (approx,) (approx,)
A, Tunpels of Mountain District, east to west, Charlottesville to Clifton Forge, Va,,
181 U to 277 .7 'miles west of Fort Monroe, Va,, 96,3 miles,
b Greenwocd 199.5 At Greenwood 536. 70-75 West - - -
2  Brookville 201 1,5 miles west of g6k, 7075 West 15-3/4 13 1
- ‘ Greenwlod
3 Little Rock 202,5 3 miles west of 100. 70-75% Weet 18 13 1
Greenwood )
4  Blue Ridge 204,7 2.5 miles east of 4263 68.7 Wesgt 18 13-1/2 1
Basic '
5 Millboro 260, 3 0.5 miles west of 1335 T4 Egst 19-1/3 14 1
Millboro '
6 Lick Bun 261, 1.2 miles west of 389,5 ™ Bast 19-3/4 16 1
Millboro
7  Masons 262,5 2,7 miles west of 322, : ] West 18-1/2 14 1
Millboro '
g Coleman's 271.5 4,6 miles east of 355. Level - 2l 18 ;
Clifton Forge ,
B, Tunnels of Allesheny District, east to west, Clifton Forge, Va., to Hinton, W , Va,
277.7 %o 55Z.Q mileg west of Fort Monroe, Va,, 79.3 miles,
1 kud 294,1 4.4 miles west of
Covington, Va, fu1, €0 West 20-3/4 20 2
2  Moore's 300.8 0.6 miles west of 321, £o West 21-1/2 27 2
Backbone, Va, . ;
3 Lake's 301.5 1.3 miles west of 727, , 60 West 25-2/3 19-1/2 2
Backbone, Va, )
i Kelly's 302,7 0.5 miles east of 496. ) West 25-3/}4 19-1/2 4
Jerry's Run, Va, . '
5  Lewis 304,7 1.8 miles west of 4019 60 West 16 14-1/2 1
‘ erry's Run, Va,
6  Allceheny 306.9 0.5 miles west of 4736 30 East. 19-1/2 26 2
Allegheny, Va. ‘

7  White Sulphur 311,3 0.6 miles east of 276 30 East 19-3/4 25-1/3 2
. White Sulphur, W,Va, ' .
8  Second Creck 327.5 4.7 miles west of 1650 20 East 18-3/4 -1/2 1

Ronceverte, VW, Va, A
9  DMamn's 329,6 68 miles west of 986 20 West 19 26 e
_ Ronceverte, W,Va, a A b
10 Big Bend Zug, 2 3.0 miles west of 6478.7 L= West 18 i 1=
Lowell, W,Va,
) . 21 !i': East )
11 Little Bend 350, 6.0 miles east of 667.5 21 East 21-3/4 X1 2

& Churchill ventilatlng system, blows eqst to west,

west to east,

b 4 feect per miie west for about 1500 feet in east bend, then 21 feet per mile East for about 2979 feet in west end, Churchill

ventilating system, blows






wnels of Chesapeake & Ohio R.R.. Allesheny Digtrict, between Clifton Forge, Virginia. epd Hinton, W, Va.

TABLE 3.- Atmosvheric conditions in locomotive cs 1g_the mnels of Chesape: R.R.. ALl
A1l tests were on locomotive No, 84O which was equipped with air blowers for ventilating the cao. L . ' .
Name Trip Direct- Time in Speed Fans on Windows Temperature, De g?es F. Composition of atmosphere in cab, per cent.
No. ion ggggel - %%%egr. or off ggggegr 1 %t pogitiﬁn ngberg 7 8 Jet Dry Carbon Carbon | | _ Smoke Effe?t‘ .
(approx.) (approx.) pulb  bulb d%ggi%e' ;zi- mggZX~ Hygzé- M:gg- Né:;o— \ on respiration emarks
» . | 4 2 (o) (c0) ?) (chy,) (W) :
(1) (203 (4) (5) (6) (D (® (9 (10) (1) (32) (%) () (15 (16 a7 (18) 19f (200 (2D (22}  (Bm (2 (2%) , (?62
Mud 2 W 1 15 off 0 - 100 - - 118 120 - - 84 - - - - - - - Some smoke Not bad ~ Felt some heat.
Mud 5 W 1-1/2 10 On c - g8 - - 95 T3 - - - - - - - - - - A little smoke Little Stoker operated, Smoke filtered in over
y , ] boiler. Felt little Bxcess heat.
loore’s e " 1/2 7 off © - - g - - - - - 3 - 0.63 2032 002 0.00 0.00 79.03 -
L 5 E - - Off c - 80 9% - - gl 82 - - -  O.14 20.71 0.00 0.00 0,00 75.15 Smoky Irritating Stoker operated. Felt some heat.
akes e. W 1 10 Off - - 115 100 - - - - - - - 0.40 20.45 0.00 0.00 0,00 79.15 Some - Felt hot and humid.
" - - - 108 -~ - - - - 97 smoke
5 f . - - Cn c - 8 - - 95 718 - 120 - - - - - - - - Some smoke - Curtain up at start, dropped curtain and
Kellv' ‘ : v started fans, smoke left and became coonler.
" & g g 1;5 2 oft - -9 M - - 106 - - .86 - - - - - - = Some smoke Slight irritation Little discomfort.
Lewis 5 W gO E g?f - C - 88 - - 92 82 - 118 - - - - - - - - Little " " " Cool air. Some smoke near floor.
: 0 - 80 66 100 91 99 gi 100 - - - - - - - - None None Cool 2ir. Churchillventilaticn. No smove.
3 g? ég gl 91 & 13 102 70 73
= 8 106 83 97 73 106 - -
" > W 5 9 wm ¢ P B e i T owme T o o o
ot - 0 & - 125 - - 0.ug 20.31 0.11 0.00 0.00 79.10. Smoky Difficult outside Churchill blower off. Back curtszin wes
78 %%8 - %gg. %éu 195 - %%2 - - 8'15 %g'§ﬁ 8'8% 8-03 O-OQ 719.23 of streams from down, smok¢ entered through cracks. sn-
- LT 7 O‘gu . -2 0°1 .06 0.00 79.12 " fans. gineer and fireman cool good »ir, certar
Allegheny 2 W 3 20 o . P | : 19.79 0.10 0.00 0.00 20.27 of cab hot and stifling. Outside of
. ff 0 - 93 g W9 13 100 - - - - . Nome curtain, air cool.
) 5 W o2/ . oe 91 g2 - - _ _ - _ None o discomfort.
#hite Sulphur » Wi i,g/* <2 off o} - 9 - - 110 g0 _
n ; p / 20 Off o . = : - - = | | Little None "
Sg;eig 1 E %/6 28 8£§ . 0 I _ _ C : N - - N i - - - - ggz: ﬂone Time to chort to determine temperature
© : -Ri - > 95 -+ 149 109 109 - , - - - - n one change. No discomfort.
" © < = 0.60 20.23 0.00 0.00 oO. - : . change. R
2 W 2 CIOSng left onn ?3 lég ' Z? T = - - - 102 110 0.70 20.16 0.00 0.00 0;88 ;3'%1 dedium thick Choking Hot and stifling.
" 5 " _ o 100 1;6 - - - - - 0.38 20.50 0.00 0.00 0.00 7& 1z Light Little o '
1-1/3 1 . - - - - 88 - ey
s ann? ° O ¢ - 95 - - - ' -
wanntg 1 B - - - - - - - - - - Jense ; : : -
1 11 Off-Ri - Not very h
" -Right - 95 . - 18 97 _ y hot., -After -emterins tunrel.
2 W 1 10 c108§g, left open - 99 _ - 126 ° - - - - - - - Light Nome fans.drove smoke.ocut
°© - 9 & - o . oDz - - - - - - :
n - -
e 5 W - - . = - = - - - - - - _ . _
Big Bend 1 E T 22 Oss o N gg 66 1&0 162 - M 126 77 - - Light Little Not much discomfort
ors © 138 70 & 4 e - DT - - - Not not ‘
. 80 2 01 - - - - Not noticeaby S
" 2 W - . 17 8 70 86 86 ;Z e 2 i - - - - None ¢ None N6 discomfort,
W 10-3 g8 8 74 g 7% 92 72 7 None Church
/27 Onthru o  _ -gg OB & g 7 9% - - . . rchill ventilation, no smoke.
" 5 W | last 1/2 < 13 120 188 - - 12§ 07 - ol R %% 000 000 7926 pense
Y 18 - 122 130 10 < - - 10 , .27 0.02 0.00 0.00 7311 = Choking F.
. . On c e 8> 120 100 0 ks - - _ . _ 9. and. tﬁns were started when about 1/2 oy
' - : . de - - - - : 20 77 A’ hot rough. oo
Littls Bena 1 g N a2 - - 12 90 - 1owe 1 0:55 205 008 o 000 1295 Some Not very bag g
: . o Off X - .- - 135 - - 0.9k 19 f ' Y 719.1 smoke Ty ba
T 0. 70 IO]H._g_’ W7 113 104 A WO g , 9 9.82 o.0k  0.00 0.C0  79.20 . Moisture condensed h Fans do;
: 2 sk  0.28 20 5 0 eavily, TFaas dciiver-
.o o . .00 0.00 0.00 79.20 Light v ed good cool air,
' o Slight irritation Before enteri
S a7 to 1330 . & turmel temperatures ey

(a) Thermometer pusitions were as folloWS'(lilhﬁlower : vopta side- T S PR Coe :
e ‘ P\ pipe, enginecer's side; (2) By engincer, 2' from window, 3' from boiler, 4' abov -
’ v ; ’ ’ > e floor; t £ ea¥ 11 s .
) Han§1ng from iab roof, 6' above floor, }8'=from buckboard, 3' from boiler; (5) By fireman, 2! fréi)wgndigoYﬁvr§§§m°§°§§b' 1"1n advance of Foqr edge;
fireman's seat, 2 'frOm left side of cab, 2' from boiler, 3' above floor: (7) In blower pipe, fireman's side. . °r, 5' above floor; (&) Above
boiler face, 5-1/2' above floor. . ’ ’ ‘man’s side; (8) 2' left of middle of cab 1-1/2' from






*_TABLE Y. - Atmospheric conditions in.locomotive ca

Trip 3 was on locomotive 840 which was equipped Wwith air blowers for ventilating the cab;

& Ohio R.R., Mountain District, between Charlottesville, Va. and Cliften Ferge, Va. -

trip U was on locpmotive 780, without blowers.

e — . —————r e ot St e .

Trip No. Direct- Time in Speed, Fans on Windows

Composition of atmospheres in cab, per cent

Name of - Temperature, degrees F.
tunnel ion tunnel, miles or off openor _ __at position numbers. > o -
min per clogsed 12 3 U 5 6 71 8 Wet Dry Carbon. Oxygen Carbon H{drogen Meth- Nitro- Effect on
(approx.) hour L o ulb bulb diox-  {Op)  monox- H,) ane Zen Smcke respiraticn
(appr0x. ) - - } :ide ide, (CHM) (NE) : Remarks . '
- I - (C0a) . (0) e A - -
1 2 3 Y 5 6 7 8 9 10 11 12 13 14 13 16 17 18 19 20 21 22 23 oL 25 26
Greenwood E 1/2 15 Off - - - - - - - - - - - - - : - Little Little Temperature and smoke increased slightls
Greenwood é w 34 10 Off Y - 76 73 115 & 93 - 106 - - 1.08 19.63 0 00 0,00 0.00 79.29 Séoﬁi C;oking Somg increase in temperature. mr
Brockvil 0.47  20.3%  0.00 0.00 0.00 79.19 ‘
oo ville 3 E 3/4 15 off - - e - - .- - - ~ 0.05 20.93  0.C0 0.00 0.00 79.02 Little  Little
in'%illcgi%(ggk 4 W 1/2 20 off ¢C -100 10 - .- - - - 93 93 0.49 20.39 0.02 0.00 0.00 79.11 Smoky  Choking  Hot
3 E 1/6 12 Off v - = - - - = - = - = - - - - - - None None Too short for smoke or temperature to
Little Rock 4 W - - ot D | . to increase.
- - - - - - - - - - . . Little Little -
Plue Ridge 3 E 3 17 off " 1/2 ¢ - lgg gﬁ 126 106 98 - 120 5 Oé . o : . None None Steam off. N¢ excess heat or smokc.
Plue R : - - oo o B %0 20.93  0.00  0.00 0,00 79,01 | .
idge 4 W 3-1/2 15 Off c - 9 - - 90 110 - 125 - - 0.84 20.06 0.06 0.00 0.00  79.04 Heavy Difficult Fot and smoky. Pocket respiratePe used
106 90 108 122 - 136 - - 0.70 20.17 0.00 0.00 0.00  79.13 Smoke by two men gave complete protection,
10 - - - = - 95 108 - - - - - -
Millboro 1, - - - - - - -

3 E 2 8 Oney ¢ - 9 - 122 119 - - - - - 0.4k 20.34 .16 0.02 0.00 79.04 Exceed- Highly Very hot, fogegy. One man used pocket
latter ’ ingly irrita- gas respirator without difficulty. Fars
part smoky ting were started toward end, enginecr cid

fireman cool, those in center of cab
Lick Run 3 E 1 _ - . : felt some cooler but still hot and smoky.
Mason's 3 E 1/3 23 orf o - 88 - - - - = = - - - - - - - - Little Little Some heat,
/ 15 0ff 0 - 88 - - - - - - - - 0.63 20.29 0.00 0.00 0.00 79.08 - - Before entering temperatures were 64, to
Coleman'd 3 B 1/ P 100°7.
5 5 - Off 0 -10 - - - - = - - - - - - - .~ - None None - No increased temmersture.

e e e e+ i e e v+ ———

a :
The A . . . : . .
fmometer positions were as follows: (1) In blower pipe, engineer's’side; (2) By enginemen,

L) Hanging from cadb roof, 6

(6) Above fireman!

feet above floor, 18
s seat, 2 inches from left side

feet from boiler face, 5-1/2 feet above floor.

2 feet from window, 3 feet from boiler, 4 feet above floor; (3) 4 inches above roof of cab, 1 foot in advance of rear edge;
inches from buckboard, 3 féet from boiler; (5) B{ fireman, 2 feet from window, 4 feet from béiler, 5 feet above fluor;
of cab, 2 fest from boiler, 3 feet above floor; (7) In blower pipe, fireman's side; (8) 2 feet 1eft of middle of cab, 1-1/2






is 1light and much irritating sulphur dioxlde gas is evolved with the flue gas.
Theswritera used commercially manufactured pocket-size respirators for smoke and
gas’ when excessive irritation and difficult breathing were encountered, The
wosst condition was in the Millboro tunnel during trip No,3, but the respirators
entircly eliminated the irritation and difficulty in breathing. These respiratorg
were of a type having low resistance to passage of air, the resistance being one
inch of water at an air-flow of 85 liters per minute (U inches is considered a
tolerable maximum in gas masks). Difficulty has been found in breathing through
gas respirators of higher resistancc when in hot atmospheres in tunnels of the
Unjon Pacific Railroad!, but no difficulty was experienced in breathing through the
respirators with one inch resistance,

TEMPERATURES IN THE CABS

Especial attention was decvoted to the determination of temperatures at dif-
ferent positions in the cab, Mercury or alcohol thermometers were used. The pos-
itions, specified exactly at the bottom of Tables 3 and U4, were taken to represent
the temperatures as follows: '

Position 1,- Air in the discharge pipe from the blower on engineman's side (column
" 6 of Tables 3 and 4) states whether the fan was blowing air.

2.~ Boside enginemen, inner side.
.- Above roof of cab. Thermometer was attached horizontally to an .
shaped stick, weighted on the bottom, which hung on a catch at the °

rear cdge of the roof; the horizontal stcm was dirccted forward, It
was takon down to read tho temporature,

4.~ Undor mizdle of roof near backboard.
.~ Beside fireman, imner side,
6.~ Beside fireman, next to window, nearly over blower pipe,

.= Air in the discharge pipe from the blower, firemen's side.

8.+ Near i:oiler, man high (say 6 feet) left of cenmter.

.~ Outer surface of boiler lagging. This was determined by hanging a
thermometer against the boiler and loosely covering the bulb with
suspended waste, Tomperatures were not read while in the tunne].?. s0
the records of position 9 arc omitted from Tables 3 and 4. Outside

of tunnels the temperatures varied from 170 to 193" F., usually drop-
ping with the steam pressure, '

O Fieldner, A.C., Katz, S.H., and Kinney, S.P., Work cited.

T Kinney, S.P., work cited.



TABLE 5,- Average of temperatures observed at different
positions in locomotive cab,

NOTE: The number of observations included in each average is indicated by subscripts

Position of ‘Location of locomotive

Y¥hermometer . Passing through tunnels _  Running outside Standing still
: Geperal Blowers not Blowers __of tunnels? General Blowers not Blowers
avedage, operating, opeaating Bilowers not average operating, operating,

OF, OF, F operating, °F, F, °F. °F,

(1) In engineer's 76 17 71 59 81 81 2Q
air pipe (9) (7 (2) (3) (6) (5). (1)

(7) In fireman's 76 76 - 72 g2 82 g2
air vipe (9) (7 (0) (4) (6) (5) (1)

(2) Inby engineer 97 9l 104 90 94 93 1Co
(47) (35) (12) (5) (6) (5) (1)

(5) Inby fireman 103 102 104 106 101 101 105
(27) (19) (8) (5) (6) (5) (1)

(6) Outby fireman Gl 98 85 g5 94 S0 115
(25) (18) (&) (5) (6) (5) 1)

(8) Near boiler, 123 13 136 16 2117 116 123
man high (22) (12) (10) (5) (6) (%) (1)

(4) Under middle 123 116 - W2 131 123 124 118
of roof near (19) (14) (s) (5) (6) (5) (1)

backboard

(3) Above roof 87 _— - 70 g5 g5 85

S ¢-):)) ) (6) (6) (1)

a No observations were made with blowers operating.

-6~



Wet and dry bulb temperatures to indicate the humidity recorded in columns
16 and 17 of Tables 3 and U4 were determined by a man facing the boiler and stand-
ing on . the apron between the locomotive and tender, or in the center of cab and
swinging a Buresu of Mines sling psychrometer. The highest tempcrature noted on
‘the wet-bulb thérmometer towards the end of the passage through the tunnels is re-
corded, but since 5 to 6 minutes are neseded for exact indications by wet-bulb
thermometers even in a non-varying atmosphere, and the time was frequently shorter,
the wet-bulb temperatures recorded are usuelly low. The dry-buld thermometers
were read following the wet bulb, Dry-bulb temperatures were not recorded in some
instances, when difficulty in reading the wet-bulb thermometer consumed time after
leaving the tunnels, during which the dry bulb changed. '

Temperatures at positions 1 to S were observed soon after entering the
tunnels allowing some time for thermometers to change. They were usually taken in
serial order, sometimes reversing the order and sometimes omitting some positioas.
Records .were made as rapidly aé'possible.'qnd the round was repeated waenever time
in the tunnel allowed. The temperatures indicated can be considered only approx-
imations because of the lag of thermometers. Higher temperatures are usually in-
dicated on each succeeding round. The many blanks and the lack of more temperature
records are due to the difficulty of reading thermometers. Vision was difficult
because of the darkness, smoke, and sometimes considerable eye irritation. A |
flash-light was used, but it was frequently impossible to-read the témperatures.
For instance: in the Millboro tunnel on trip No, 3, after the first three observ-.
ations no temperatures: could be read, although repeated attempts were made.

Figures 3 &nd 4 ghow graphically all the temperatures at each position in
the cab for trips westward and eastward, respectively.

All temperatures determined at each cab position are grouped together,

each observation being placed according to the serial order of the round of observ-
ations, s0 that those made at one time occupy corresponding points on the graph.
Figures 5 and 6 are similar to Figures 3 and 4, but indicate temperatures outcide
of tunnels when the locomotives are hauling trains and when standing still, The
figures show the wide differences at different times in any one position; however,
they all show a general increase in the temperatures in the cab with the height
above the floor., In Table 5 the uverage temperatures at each position are given.
Contrary to expectation, the table shows no important differences in temperatures
whether in tunnels, rumning outside of tunnels, or standing still, The highest
average is 142 degrees at position Y, just under the cab roof, representing the
temperatures while in tunnels, with blowers operating, Temperatures at the pos-
itions near the engineman and fireman average about 100 F,, whether in or out of
tunnelg. Since the physiological effects are not represented by the temperature
alone,” the decrease in comfort while in the tunnels must be due to_the greatly in-
ocreased humidity together with air movement; it hag been determined’ that when tem~
peratures of humid air ‘exceed body temperature, any air motion increases the dis-

8 lkc¢Connell, J.W., and Sayers, R.R, Some effects on Man of high temperatures. n
Department of Interior, Bureau of Mines Report of Investigation, Serial No. 258l,
March, 192Y4.

Kinney, S.P. work cited..

9 McConne1l, J.W,, Houghten, F,C., and Yaglaglou, C.P., Air motion - high tempera:
tures and various humididfes-reactions on human beings: Jour. Am. Soc. Heat, &
Ventl. Eng,, vol, 30, March 1924, pp %?9-22&.



comfort. It is unfortunate that more determinaticns of wet-bulb temperatures were
not secured. Hawever, a few records ia Table 3 of 97 tc 107% %.(' wet bulb show thai
sometimes the humidity is high enough t¢ cguse much discomfort.™”

Since the stack gases which enter the cadb d¢ not increase the temperatures
‘to a noticeable extent, it would seem feasidle to reduce the tempsratures by incre-
asing the boiler lagging. The smoke deflector, which csuses the exhausts to stream

backward over the cab without mixing with the tunnel air has been found especially
good.

SUMMARY AND CONCLUSIONS

Temperatures have been observed in cabs of freight locomotives in.txmnels
of the Chesapeake & Ohio Railroad in Virginia and West Virginia to determins the

source of the severe discomfert felt from high temperatures experienced by engine-
men and firemen while in tunnels.

The temperatures in the cab were found to increase with the height above

the floor, the highest temperature of 168° F. being observed just under the middls
of the roof c¢f the cab.

Blowers were tried, these taking air from a peint about two feet above the
center of the track and intreducing it through pipes, in streams directed upon the
positions of the engine crew, The direct stresms added some to their comfert, but
the turbulence of the air in the cab was greatly increased so that the air impinged
upon the boiler surface and became heated, with the result that outside of the direct
streams no increase in comfort was felt, and sometimes the discomfort increased.

The temperatures of the mixture of exhaust gasses and tunnel air above the
reof of the cab were found much below these in the ceb. High temperatures of ex-
haust gases entering the cab had previously been suspected of being the cause of the
excessive heat felt, but this can not be true in the tunnels investigabed. Rather
the increased humidity of the.cab air, while in the tunnels, due to the entrance cf
exhaust steam with the stack gases, seems to cause the discomfort.

Disconfort threugh heat may be lessened by increasing the lagging on the
parts of the boiler exposed in the cab, and by means of the smake deflector as used

by the Union Pacific Railread, which causes exhaust gases to stream backward cver
and away from the cab. :

The tests described were undertaken through the arrangement of J. J. Ewing,
engineer of tests, for the C. & 0. R. R., ta whom the writers are greatly indebted.-
Reports of Investigation, Department of the Intericr, Bureau of Mines.

10 Sayers, R. R., and Harrington, D., Physicleogical effsct cf high temperatures and
humidities with and without air movement: Bureau of Mines, Report of Investigaticas
No. 2464, April 1923.
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