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(l.nk<' Superior \lct'ttni:, .\uJi:uot, 19:!0) 

I:::-; TIIB L:ikr SupNior District, the air indoors must be heated <·011-

tinuou ly dmin~ eight months of tlw year and occasiona!Jy during tlu· 
remaining month . Inc-ident with mininp; in this chstrict, therefor<'. 
there is nerd for heat in~ many of I he bu1ldin1?;s connec trcl with the:-(' 
operations. In addition to the mine buildings, that i-,, shops, engi1w 
houses, office·, chanp;P houses, eLc., . uch public buildings as schools. 
library, and Lhrater, when c·lose to the mines, :ire often supplied from 
the mine hea( ing mains. 

At the CoppN Ha.np:<> Company's mines. Champion . Trimountain and 
Baltic, the heatin~ surfac(' thus supplic•d fl'om thr mine main. i~ ovN 
50,000 sq. ft. (-16.i5 sq . m. ) \\'hiC'h requirc'R a Rtcam consumpt ion, at times. 
of 1 ,000 lb. ( 16!5 kg.) per hour, or thP rquivaknt of H rat <> of owr 50 
tons of con! per clay ( w<>r~ Ii \'C stea m 11 'cd). This figmc is based 011 a 
consumption of 1 j lb. per squarr foot of heat inp;. mfacr during the colclc-st 
"e:tther, and provided the ystrm is not wn<-ting stra.111 by blowing it to 
lhr atmosphere or into the return linr on :H·<·ount of kaky t rnps, "hil'h 
so often is the casr. lTnder the lattC'l' conditions, steam ('Onsum ption:-
of three to foul' times the aho\'C' rate a rr not uncommon. This show:-
that the cost of heating is of rnough impol'tance to he p:inn serious ron-
:-:iclrra(ion, espeeially at this timr of rising prices of fuel. 

The powN and hrnting valur of exhaust steam :ur appn•ei:llrd b~ 
most c11_ginee1s, and it s application for su<'h purpo~C'. is 1-(C'JH'ral. \t 
our· stamp mills, the cxh:wst from the stamps is used to op('l'atr low-pn•=---
surr t urhinrs, thus rrduC'inp; t hr f ormel' wat N rntr prr hor:,:c•powc•r 
dC'veloped by more thnn i50 pC'l' rrnt. 

At the aboYc-mentionrd minc•s, electric mo!o1·s ha,·C' rcpbeed th<' 
many smnll s lram engi1ws, so that this supply of rxhau:-t steam ha~ been 
prneti<'ally eliminated. Tht' lnrgrr c>ngines ar<> compourHl, tnple. or 
quadl'uplc <'ondc•11sin~. Thr hois ts, howC'Ycr, in all ea:-C'::- are s imple and 
non-condensing and of two size:-, namrl.,·, 2-1 by 60 in . nnd 32 by 72 in. 
(6 1 by 152 cm. and ' J by 18:3 <"m.). Thr~r hoists now ofTer thC' onl>· 
availablr supply ·of exhaust steam; but as this flow is intt•rmittl'nt and 
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varies from extreme violence to zero, the steam so discharged cannot be 
sa,lisfactorily used without some means of storage, such as is offered by 
a regenerator that transforms the variable flux into a constant one. 

RESULTS ODTA!NED DY USING BACK-PRESSUR~; VALVES 

Efforts were made to use this exhaust steam for heating, without 
using regenerators, by having it discharge directly into the heating sys-
tem, using a back-pressure valve weighted so as to provide sufficient 
pressure to permit the circulation of the steam through the system. The 
greater portion of it, however, for lack of storage capacity, escaped 
through the back-pressure valve to the atmosphere. The supply so 
obtained was not sufficient and had to be supplemented with live steam, 
int roduced by an automatic reducing valve at a pressure usually a few 
pounds under that at which the relief valve was set. This meant that 
the hoisting engine would exhaust against a back pressure, which (in 
cold weather and on account of poor design or condition of the system) 
sometimes was as high as 10 lb. or more, thereby reducing the efficiency 
of the hoist, because of the reduction of the range through which the 
steam used by the engine COl!ld expand. 

With this reduction in efficiency there was a greater steam consump-
tion for the engine, and although some of this additional steam was used 
in the heating· system most of it was discharged to the atmosphere. As 
a result, the operation was not as profitable as was expected. In fact, in 
many instances, there was a loss, for live steam fed directly into the 
the system without the imposed back pressure on the hoist would have 
resulted in better economy. 

The condensate and non-condensable vapors from the several build-
ings heated were returned to the boiler house and discharged from the 
system by using steam-driven wet vacuum pumps. This condensate, 
on account of the oil contained therein, could not be used for feed-boiler 
purposes and had to be wasted. 

STEAM LossEs THROUGH UsE OF RADIATOR TRAPS 

Various types of radiator traps were used in the different systems, 
some of which were better than others. In a closed system of this kind, 
by using these traps there is danger of wasting steam into the return line 
when the traps get out of order. The importance of this fact was not 
always realized, so that, no doubt, much steam was thus wasted. 

Vibration, corrosion, or dirt usually cause these traps to get out of 
order . If the trap is of the diaphragm or bellows type, the constant 
vibration is apt to cause fatigue of the metal which,· in some makes, 
results in the loss of the liquid contained therein. When this happens, 
the valve remains open, causing a continuous flow of steam to the return 
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line. If the trap is of the expansion-rod type, corrosion or dirt may cause 
this to stick, with similar results. When these parts give trouble, they 
are often removed by the workmen who sometimes forget to replace 
them, so that the waste is permitted to go on. 

It is bad practice, also, to discharge main traps (such as are used to 
discharge from the entire return line) directly into a closed sewer system 
for, should these traps leak (which they frequently do), the escape of 
this steam is unnoticed. 

LossEs DuE TO Am LEAKS 

Proper precautions were not always exercised to obtain tight heating 
systems, that is reaonably free from air leaks, for in some instances two 
vacuum pumps running simultaneously would not maintain more than 5 
or 6 in. (12 or 15 cm.) of vacuum on the return line. This required carry-
ing higher pressm=es on the main to provide the necessary differential for 
circulation and resulted in the using of more steam by the pumps than 
should have been necessary and caused waste due to the imposed back 
pressure on the hoist. 

Much of this leakage was the result of improper provision for expan-
sion of the piping; some was caused by faulty expansion joints; and 
valve-stem stuffingboxes; and some was due to teakage through the rod 
packing of the hoist. In the metallic piston-rod packing used, steam 
leakage is prevented by the condensation of the steam, which seals 
the small passages. With a vacuum on the heating main, there is 
imposed, also, a vacuum in the hoist cylinder; this difference in pressure 
causes air to flow into the cylinder through these packings, for there is no 
condensation to seal the passages. This leakage is considerable and 
increases with the vacuum carried in the main. 

Conditions causing air leakage prevail in all plants, but as long as the 
steam escaping from the lines is not seen, the system is usually considered 
to be in good condition by the maintenance man, and the air leaks go 
unnoticed. The result is that the vacuum pump, which may be large 
enough to handle moderate leakage, cannot maintain the vacuum, so 
that the system is operated at a reduced vacuum. T his reduction in 
vacuum is followed by a rise in the working pressure on the main, which 
rise usually continues until the pressure in the system reaches or exceeds 
that of the atmosphere. As a result, many persons believe that it is 
impossible to operate a system at less than atmospheric pressures. Sev-
eral years of operation at our plants have shown, however, that these 
engines can be benefited by a vacuum when exhausting into the heating 
system. This, in reality, is a condenser and, if it is kept tight (as is 
required of other condensers), there will be no difficulty in operating with 
main-line pressures of 8 or 10 in. (20 or 25 cm.) provided the steam con-
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sumption of the hen.tinµ: system equals or is more than the enµ:inc 
exhausts, while 18 or 20 in. on the return line provide sufficient differ-
ential to rausc proper circulation under the most severe conditions. 

Sn; ,1.~1 REQUIRED TO Hi,;AT PLANT 

A survey al that time showed that our steam requirements for heating 
for more than half of the year were equal to or in excess of that required 
by the hoists; further, durinµ: the coldest weather, at most of the plants, 
liYe ;;team would have to be supplemented, and for the remainder of the 
year most of the exhaust, would be required . Considerable steam is used 
in the summer months for heating the dry or change houses, waler for 
buildings, and fcedwater for the boilers. To use as much of the exlrnust 
steam as possible, it was necei:sury to provide means for storing this heat 
and transforming the variable flux into a constant one. For this pur-
pose, steam regenerators of the Ratcau design were placed between the 
hoisting engine and the heating sy~tem. 

PRINCIPLES 01" OPJ::RATIOX OF frrEAM REGEXJ::RAT0R 

The method of treating a flux of intermittent exhaust steam by the use 
of steam regenerators consists in passing the intermittent flux of steam 
throuµ:h a closed ve~sel, or regenerator, in which the steam is condensed 
and re-evaporated. Condensation lakes place when the steam is in 
excess of the quantity required to maintain a constant flow of outgoing 
steam, and re-eYaporation takes place when the steam discharged into 
the regenerator is not sufficient to maintain this constant flow. The 
condensation and re-evaporation arc clue to interchanges of temperature 
bel ween the flowing steam and a larf!;e mass of water. In order to keep 
this water in intimate contact with the steam flowing through the 
regenerator, the surface of contact must bl' as great as possible. 

In order that the operation of the engine and heating system may he 
independent of each other, a relief valve located in the steam path 
limits the rang,e of pressure in the regenerator. This range of pressure, on 
the other hand, also limits the maximum amount of sleam that C'an be 
con~lenscd in the re1?:eneralor. It is, therefore, essential that the mass of 
water be brot11?:ht to the temperature corresponding to the p1·C'ssure tem-
perature of the flowing steam in order that the maximum storage of hC'aL 
by the water be obtained before the relief valve blows off. 

\Vhen the flux of steam received by the regenerator exceeds the 
amount it is deliYering to the hcatinµ: system, the re11:enerator absorbs the 
excci<s and holds it until somr time when less steam is received than is re-
quired. When the flux of strum received is just equal to that taken by 
the heat inµ: system, th\) pressurl' within the regenerator is constant. ;\O 
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s team is conde nsed a nd the regenerator floats idle. Should the quanti ty 
of the incoming steam he less than that requi red by the heat ing Rys tcrn , 
the pressurr in the rcl!:cncrntor fall~, a nd t he waiN 1?:i,·cs off steam, 
losing lhe h(•a l t ha t was a hsorhed d uring 11 t ime of execs,-. 

;-::••· .... . \ lf I Ii ! ··•· ~------ ,. . - -·· · ··+·-··-~f---··· llf·····-1: · r·· ,. .... ,. '"" l 
--, I 1; 

.t'uf.,r~tM.t la Xhi.:tTl!be J 
r,r cL. 1 tJU;luti.. ,r .,..,., 
Llt.1.• "-•10 

FH; I .- Los<:1Tuo1,.H. :o,ECT10,, H.,T1-;.-.t: r,TE \ "T :,..T1-:.\ , 1 ru:<;E'.\J,;n.,1·01c. 

The efficiency of the rC'l!:Pllerator as a picc<' of power a pparatus is. as 
usual, the rat io of po,1·er 011t p11 t to powN 111put. If t he> r<•gcnNator 
dclin•rs s team a l t he ~ume prC'ssurc us that at whic·h it rec·(•i ,·cs s team. 
ban ing the slight losses due to radiation, it~ effirienry i~ 100 ppr c·1•11t. On 

Fie. 2.-C tto :-. .... - :-.,.-:cTrOl\ OF" HE(:E, ·f;1tATo n. 

the other hand, if the regc1wrator always receives steam at a higher pres-
sure than that at which it can deliver s tea m. its effic iency is less than 100 
per cent. , and the lo~s is reprt•:<ented by the pressure d rop b1•twecn the• 
absorhinµ: eondition and the condition of deli,·ery. 
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The regenerator is equipped with a suitable steam dome for the dis-
charge of the regenerated steam to the heating system, and with a special 
automatic water-level device, which removes the water of condensation 
entrained with the exhaust steam. A relief valve controlling the maxi-
mum pressure permissible between the exhaust of the engine and the main 
inlet is located at any suitable point of the piping. The exhaust steam 
discharged into the regenerator always contains water. After passing 
through the water in the regenerator, the steam never contains more than 
a fraction of 1 per cent. of moisture. 

This apparatus was found to be equally efficient as an oil separator. 
The condensate of the regenerated steam is practically free from oil and 
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suitable, therefore, for boiler feed, which was not the case before regen-
erators were installed. A longitudinal section and a cross-section of the 
regenerator used are shown in Figs. I and 2. 

• .. -""1 

PIPING SYSTBM, GAGES, AND VALVES 

The buildings to be healed arc located, in some instances, 2300 ft. 
from the engine house, and well above the elevation of the boi ler house, 
thus offering ideal conditions for gravity returns and good drainage. As 
a result, the condensate is rct,urncd to boiler house and discharged from 
the· system (operating at 20 in. of vacuum) by means of a water seal. 
Bec·ause of the effectiveness of the regenerator as an oil separator, this 
condensate is used for boiler feed. 

,, 

,. 
:1 

* 
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In remodeling the several heating systems, estimates of the stt'am 
requirements were made and pipe sizes used that. would give a pressure 
drop through the mains of approximately l lb. The return lines installed 
were also of ample size, so as to cause no undue pressure loss. Advan-
tage was taken of the difference in elevation and the pipes so install<'d 
as to eliminate all pockets, thus permitting the entire system lo drain 
back to the boiler house, avoiding, therefor<', possibilities of trouble when 
steam is shut off from the system in freezing weather. 

Asbestos sponge felt 1 in. (25 mm.) thick was used where the pip<' 
lines arc sheltered, that is, where lh<'y arc suspended in concret<' box<'s, 
and lH in. thick was used where the pipe lines are exposed to the wrather. 
The return lines are also covered so as to conserve this heat for boilrr-fecd 

FIG. 4 .-:\IETIIOD OF RUPPORTl,-;G PIPF. LIXE~. 

purposes. These coverings are protected from the weath<'r by a~phalted 
asbestos jackets, which when in plare ar<' given a coat of asphalt paint. 

No slip expansion joints were used, expansion beinp: proYided for by 
offactting the lines 50 or 60 ft. (15 to 18 m.) at intC'rrnls of ,-;oo ft. Tlw 
piping is usually anchored midway betw<'rn the off::;et,-. One of th<' 
systems at the Champion mjn<'. which has noo ft. (70 I 111. ) of mains in 
.which all expansion is provided for in this manner, has not requirNI the 
use of a wrench on it since it was installed about three year:, ago. 

These pipe lines are suspended in long slings, whic·h arc frt'P to ~win)!: 
from an cyebolt having a Yertical thread adjustmrnt for pipe' alignnwnt. 
Some sections of these lines spn11 deep ravines, requiring, therrforc•, 
bents 30 ft. high in order to aYoid pocket:- and to JWO\·ide thr ll('<·c•s,ary 
run for drainage. A diagrammatic sketch of one of tlwse installations is 
shown in Fig. 3, the methods of supporting the piprs i,- ,;hown in Fig,. 
4, 5, and 6. 
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Th!' <•xhnu~t from thr hoist cylinders 1s pi1wd to lll<' rcg:cncralor inlet, 
""hi('h i,- pla('l•d at lrast G rt. ( 1.8 111.) below the cylinder,- lo avoid dra\\"ing 
watl'I" from tlw regenerator h1tck into tlw eylindrrs whrn the engine is 
idling or drifting, thus causing :t v:1euum suffiei<>nl to rn1sr watN sevcrnl 

FH; , .1.- \ l'A'.';C,t:~T CROS:--.IXt: A DEEP H.\\' IXE, (: .\JUtlEO OX BEXTS, IX ~O\IE PL.-\ ('E S 
O\'J: 11 30 FT. lll<oll. 

frr1 nhovc the water IPvel in t lw regenerator. In some installations the 
l'<'l!"l'IH rator,- arc placed Ill tlw basement of thr enl!"inc house; in othCJ"s 
thl'y ,u·p pl.lC'ed in thp hoi lcr room. An atmospheric relier valve in the 

FI<;, ti. -EXPAXSI O~ OF T Iii;; T.\NGt;NT TAKEX ('I' w 111-;nE 1T E)IERGF!S FHOM TIit-: DUIUED 
B<•X~ LO\"lo UAJ'\llBRS AHB :0;1;of;1>, AS A Tlt,\\'J-:L OF 12 011 l;j 11'". JS JIJ::QUIHEIJ. 

<'Xh.11i,;t lint' near the engine can be set lo maintain any pressure desired 
bu1 11 i~ usually set to relieve at 1 2 lb. above atmosphere. The exhausts 
from the boiler feed pump!:i, hoist a uxiliaries, and trap discharges from 
the hoi,-t rec·eivers :ue also piped to the regenerator. 

'b 

I 

1\ 
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C'on11c•c·led to the c-xhaust line• bet ween tllC' <>n~ine and tlw re!!:enc-mtor 
is the reed water hc-all'r, which gels its supply of :;tea111 rro111 the engin<> or 
pump <'xh:uist, or draw:; from the regpnerator when the· olhc-1· supply 1~ 
insufficient. In other words, the feedwutc·r lwating is not cil'pendcnl on 
an interinit tc-nt supply, hut has a constant supply to dn\\\ upon. and 
lt•mpNatun•s or 190° to 200° arc• easily obtained. .\s the pressure in 
this line is below the atmosplwric:, a powc-r or ,;tc•am opc-rntc-d stram trap 
is used to disc·harge tllC' <·onden~ate from the- heatN. Con$iderahlP 
condpnsation or entrni1wd watc-r is ('arri<•d with the exhaust stc-arn into 
the regenerator, whieh must he dischar~C'd from it. As the ,,·orkin~ pres-
sure carri1·d is usually l>C'low the atmosphC'ri<' and as ample h<'ad ran hc-
obtainc-d for a water seal to dis!'l1ar1?:e undc-r tllC'.s<' <'Onditwns this 111ethod 
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or relier i:s used. The ovNflow or the ~cal i" situated so as to operate 
either with va!'uum or prc-ssun•, being ahlP lo di,chargP to the at1nosphc-n• 
with pressure or .J or ,5 lh. ( 1.8 to 2.3 k~. ) plus or minus. 

Pro,·ision is made to ,;upply Lin• :<t<•am to ,-upplemcnt the- exhau~t 
automatic·ally. Two reduC'ing vah·c-;;; are u~ecl in serie~. to safeguard the 
system in case one or thl':-<' valves ::-hould get out of orclpr. By step-
ping don- 11 the pressure in stage::- in this manner, the cutting action of the 
steam on the valve and seal i" much redtH'e<i. 

The rc-dueing ,·alvr on the high-prc-,-sure side i~ of the ordinary type 
and reduces clown to 15 lb. (6.8 kg.) The other vah·e i,- or the diaphra~m 
type operated by auxiliary pre$sure introducrd by means or n spet·inl 
control mechanism. .\n ordinary redu('in!? vah·t·, depending on the 
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pressure of the atmosphere, will not operate on pressures when less than 
atmospheric. A telltale pressure gage, which is tapped into the line 
between the reducing valves, is used lo indicate when either of these 
valves is oul, of order. Should the gage read above 15 lb., the valve on 
the pressure side is not light and may require reseating; should the gage 
read less than 15 lb. the valve on the lower side is not tight. 

These reducing valves automatically admit steam to the system at 
any predetermined pressure, either above or below atmospheric. This 
is done with a special control me~hanism, made by the Klipfel Manu-
facturing Co., of Chicago, which consists of a closed chamber or cylinder, 
the lower encl of which contains a flexible rubber diaphragm to which is 
attached a stem or yoke that connects with a lever arm fulcrumecl to one 
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TWIN 
SOIPLE 24 BY GO-IX. ENGI>IEh. ROCK LOAD 2 11 TONS. 

~ide of this connection and capable of being weighted on either side of its 
fulcrum. This, in turn, makes contact with the stem of a valve con-
nc<"l<'cl to a supply of air under pressure, usually 15 lb. The chamber is 
connected to the steam space of the regenerator and also serves as a 
connection for a special gage for indicating pre~surc carried on the re-
generator. This pressure causes a dcllccLion of the. diaphragm, which, 
in turn, acts upon the lever arm. The weights can be adjusted on the 
lever arm so as to balance against any pressure in the regenerator. For 
in~lance, if steam is to be admitted to the system at -1 lb. minus pr_e~surr, 
the weights are so adjusted as to pennitthc lever t.o be moved sufficiently 
by this pressure to operate the air valve, causing it to open and admit air 
to the diaphragm of the reducing valve. This, in turn, opens and admits 
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the make-up steam to the system, staying open until pressure rises to th 
4 lb., when the action of the lever is reversed and the steam shut off. 

For the operation of the low-pressure reducing valve, a supply of 
compressed air at mine pressure is stored in a large receiver that is con-
nected to the mine air main. Leather-seated check valves prevent the 
return or loss of t.he air in storage when the pressure in the main is re-
duced or the compressor shut down. The storage is sufficient to operate 
these valves for 48 hr. The air taken from these receivers is reduced to a 
pressure of 15 lb. by means of a reducing valve and used at that pressure 
by the control board. 

The steam from the regenerator is delivered lo the buildings to be 
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Pro. 9.-STEA:\l CONSUllPTIOX FOR HOISTING AXD LO\\"ERIXG, WITH ENGl:\ES 
ON ATMOSPHERIC PRESSURE, Xo . .J ~IIA>"T. Tw1x 24 BY GO-IX. RnlPU; F;XGIXEI'. 
ROCK LOAD 5 TONS. 

heated with a drop in pressure not to exceed 2 lb. at times of greatest 
demand and about 1 lb. during average winter conditions. A two-pipe 
system is used. In the buildings, the drainage of mains and return lines 
is in the direction of the flow, thus eliminating all water hammer. Syl-
phon traps are used on all radiators, direct and indirect, and on all headers 
and drips. 

The air and condensation are collected into and returned by a 3-in. 
line, the end of which is submerged , forming a wa,ter seal that is located 
in the boiler house. At a point about 20 ft. (6 m.) above the ovNHow of 
this water seal is located an air Sl'parating tank. from whieh thr air and 
non-condensnble vapors arc drawn from the system by a. Xa:;h Xo. 0 
vacuum pump, requiring for its opc•rntion about Pi hp. This pump 1.s 

operatrcl byan electric motor. \Ye have operated some• of thr.~c pumps for 
several years, durin!? which time their maintenance cost;:; hav~ !iern small. 
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The pressure carried on the regenerator, being also the back pressure 
on the hoist, varies from 8 lo 10 in. vacuum to ,),2 lb. above the atmo8-
phere ; the coldH the wen.lh0r, the lower is the avC'rap;e of the range main-
tainrd. The return-line prC'ssure is usually constn.nt at about 18 in. 
(4.'i <·m.) mnking a working pressure available, tlwrefor0, of about 8 lb. 
(,1 kg.) whiC'h is more than suffi cient in almost a ny 0mcrp;C'nC'y. 
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F1G. 10.-STEAM CON:SU~IPTION FOR HOJS'rl \ G AXD LOWEIUXG, No. 4 SHAFT. 
Tw1x 2-! BY 60-1-.. . 1,:<G tXES. l\o. I n:sT. ExGINE ox HEATl:<G SYST1c: ,1. L. ll. 
El\GI:-.>: IXDICATED. ROCK LOAD 5 TOXS. 

RESULTS OBTAINED BY USE Of' REGENERATORS 

The coal consumption of the several plants before and after installing 
r0g0nerators, also the tons of rock hoisted during same periods and t he 
radiation involved in each plant are given in the accompanying table. 

T .\BU: l.- Results Obtained by I nstallation of Regenerator 
Coul Consumotion Rock Jloiisted 

-- Rnd1otion BC'fon• After Before Aft.er Involved .-.hnh Regenerator Rc~<'nerntor R cgcncru Lor Rc1,Ccucrntor Instnllnt1on J n:Hullation lnstallnt1on ln:Hullntion 
--- -Yt-tu:! Tons Y{'nrs Tons Yenrs Tons Years Tons Sq Ft. 

X Ol; 2-3, Champion 1010 S,340 1917 2,070 1910 200,000 1917 240,000 18,000 + :-;o. 1, Charnpion . 1916 -1,200 1917 2,256 191o 3:i.;,ooo 191 7 202,000 11 .000+ Xo. 2, "l'rimountnin. 191S 1,23, IOIU 2,008 1018 303,650 1019 205,510 1.000+ Xi,,,,. 2-3--1. Baltic IOJ8 11,410 1019 0,71;u 19I~ 37J, 150 10 19 I :J,19,070. 11,000 + - -- --- ---- --------25,28 1 17,00H 1,:301,800 l,l77,4S0 47,000 "-

Jj 
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There was a slight reduction in the tons hoi,;ted in most plants durin!!: 
t he year following the regenerator installations, but this did not affc·ct 
the coal consumption materially, for, in most cases, some live steam was 
used for healing, there not b0ing 0nough hoisting to Rupply the need. 
At Kos. 2 and 3 Champion, the live steam thus used would haw been 
available for addi tional hoisting, so that only a few more tons of coal l\'Ottld 
have been used had the same tonnaJ:?;e of roek hee n hoisted. The result:s 
exceeded our expectations and, in some instances, the installation and re-
modeling costs \\'<'re returned by the saving~ made during the first yC'ar's 
opernt.ion. In all cases at least one boiler was shut clown, and in ,-ome, 
t wo were discontinued. 
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F10. 11.- STEA~ COl"\SUJt PTIOX FOR H OI STl:'\G A:-:D LOWERI:'.'1.-G. o -t :,;11 \FT. 'T'w1x 
2-1 DY 60-1:-. . SI \IPLE EXGIXE~. ROCK LOAD 5 TOSS. 

In the forepart of the paper it was stated that the exhaust from some 
of th(' hoists was used for heating before regenerators were installed and 
that hack pressures of 10 lb. or more had to be carried at limes to supply 
the n0c0ssary steam for heating. It was desirable to know the relatin• 
steam consumption of the hoists opC'nlling under these conditions as 
compared with their operation when exhausting to the atmosphC'n'. W C' 
were concerned, not so much with the actual, but rather wilh the relative 
consumption of steam, so steam-indicator diagrams wcr<' u,-cd. It \\'Us 

assumed that the condensation in the engine cylinders and pipe lines under 
both conditions would be the same. so that the diagram should reveal. 
approximately, the actual clifTerenrC'. 
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The skip, in each ca-5e, was filled with what was considered an average 
load of rock; this load was used · throughout the test for all hoisting. 
Continuous indicator cards were taken, hoisting from every third level. 
From these diagrams, the average cut-off pressure and the length of cut-
off were ,determined and the weight of the apparent steam consumption 
ascertained. These tests were made with various back pressures on the 
engines, and were run on a 24 by 60-in. (61 by 152 cm.) engine, using a 5-
ton skip, at No. 4 shaft of the Champion mine; a 32 by 72-in. engine, using 
a 5-ton skip, at No. 1; a 24 by 60-in. engine, using a 2½-ton skip, at No. 3; 
and a 32 by 72-in. engine, using a 2H ton skip, at No. 2. The revolutions 
made by the engines were counted for each run, and the time in which 
runs were made ascertained by stop watch. The mean effective pressure, 
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FJG. 12.-STEAM CONSUMPTION AS DETERMINED PER SHAT,•HORSEPOWER HOUR FOR 
HOISTING AND LOWERING WITH 24 BY 60-IN. ENGINES. ROCK LOAD 5 TONS. 

total steam consumption, and pounds steam per shaft horsepower-hour 
were determined for both hoisting and lowering from the various depths. 
No account was taken of the steam of condensation, the amounts repre-
sented are as determined by the diagrams. 

Curves showing these values are shown in Figs. 7 to 12. Fig. 12 
makes a comparison of the steam consumption per shaft horsepower-hour 
for a 24 by 60-in. engine hoisting a 5-ton loaded skip when operating at 
various back pressw-es. The dotted line shows the calculated consumption 
were the hoist to operate at 8 i~. vacuum, which is the back pressure 
obtainable when regenerators are used; this result has since been veri-
fied. This comparison shows why a saving of one-third of the coal is 
possible. 
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METHOD USED FOR CALCULATING REGE:-IERATOR REQ UIRE~IE:-ITS 

To show method of figuring regenerator requirements, the requirements 
for the large plant at Champion, viz. , )l°o. 2 and 3 have been taken as an 
example. 

The radiation to be heated at that time totaled 16,000 sq. ft. Allow-
ing ~~ lb. of steam per sq uare foot for coldest weather, the maximum re-
qui, ements per hour would be 5300 lb., and for average winter conditions, 
with a consumption of % lb. per square foot, 4000 lb. per hour. In 
addition to this, about 600 lb. are required for heating boiler fcedwater, 
and 10 per cent. must be allowed for condensation in transmission, 
requiring, therefore, approximately 5000 lb. per hour as the average 
consumption. The hoisting averaged about fifty-five trips during the 8-
hr. working period, and was from an average depth of 1600 ft. The time 
to make the complete hoisting cycle was 110 sec. The idle period, or 
time during which no steam flows, was 6.9 min., and under actual condi-
tions at that time did not often exceed 12 minutes. 

The exhaust from two hoists are used to supply the regenerator. The 
average steam consumption of these engines per cycle when hoisting from 
the sixteenth level (this being the average hoisting depth) was found to be 
275 lb., making available an average of 3800 lb. per hour. To this must 
be added steam from the auxiliary cylinders of the hoists, which amounted 
to an additional 12 per cent. or about 400 lb.; also, 200 lb. from boiler 
feed pumps, making a total available of 4400 lb. per hour. 

For a 12-min. idling period of both hoists, a steam storage of 1200 lb. 
was required to provide for the heating requirements during the coldest 
weather. The amount of water required to store that amount of steam, 
when using a pressure range on the regenerator from 8 in. vacuum to zero, 
can be determined as follows: 

Latent heat of steam at 4 in. of vacuum, or average of the working 
range = 975 B.t.u. 

975 X 1200 lb. steam equals 1,170,000 B.t.u.'s required. 
Temperature of water in presence of steam at atmospheric pressure, 

212°; temperature of water at 8 in. of vacuum, 197.7°; difference, 14.3°. 
Pounds of water required to store this heat = 1,170,000 + 14.3 = 

81,818 lb. 
Weight of water at the above temperature equals 60 lb. per cubic 

foot; amount of water required, 81,818 + 60 = 1363 cu. ft. 
Storage capacity of the regenerator installed, 1190 cu. ft. 
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