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This application is a continuation in part of 
our application Serial No. 97,472, ?led March 25, 
1926 for Conservation of heat within steam 
power systems. 

5 Our invention differs from prior arrangements 
in that whilst the exhaust steam is returned to 
the steam generator by pumping means, the said 
steam during its passage from the engine to the 
generator as hereinafter explained is not allowed 
to expand freely but is con?ned. More particu 
larly, the exhaust steam is conducted to a receiver 
(such as a length or lengths of pipe of small di 
ameter) in which its pressure falls somewhat and 
its temperature is positively reduced a few degrees 

15 by heat abstracting means (such as continuously 
‘ ‘flowing cold water applied to the exterior of the 
receiver) the drop in pressure and temperature 
being only su?icient partially to condense the 
steam and form “steam-water” i. e., steam mixed 

'20 with water. Thereafter the water is drawn off 
by pumping means of which the capacity is not 
greater than the receiver, the uncondensed steam 
being entrained with the water and thereby 
passed back again into the generator. 
The temperature of the receiver is maintained 

as constant as possible and to enable this to be 
done in accordance with the pressure of the ex 
haust steam from the engine, the ?ow of cooling 
water is under valve control (such as a diaphragm 
valve acted upon by the exhaust steam). 

It is important that the steam entering the 
receiver be only partially condensed before be 
ing drawn off as it is necessary to entrain as much 
steam as possible with the water so as to return 

' as much of the latent heat as possible to the gen 
erator. It has been found that the “steam 
water” can be readily pumped into the water 
space of a generator in which the steam is main 
tained at a much higher pressure. 

Brie?y, therefore, the invention consists in 
providing means for the conservation of heat 
within a steam power system, comprising, in com 
bination, a steam generator; a steam power unit 
driven by steam from the said generator; a rela 
tively small receiver, such as a length (or lengths) 
of pipe of small diameter, for the exhaust steam 
from the steam power unit; means for abstracting 
heat from the exhaust steam entering the re 
ceiver so as to reduce the temperature of the said 
steam; means for regulating the rate of such 
heat abstraction in accordance with the pressure 
of the exhaust steam from the steam power unit, 
the stem in the receiver being converted into 
“steam-water” by being subjected simultaneously 
to the action of the heat abstracting means, and 
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to the compressive effect of fresh quantities of 
further exhaust steam at a higher temperature 
and pressure than the steam already in the re 
ceiver; and means for returning the “steam 
water” to the water space of the steam generator, 60 
the exhaust steam not being allowed to expand 
freely but being con?ned during its passage from 
the steam power unit to the steam generator. 
The formation of “steam-water” in the above 

circumstances is explained as follows:--— 
Let the original temperature and pressure of 

the steam in the receiver be h and p1 respec 
tively, and let t2 and m respectively representthe 
temperature and pressure of the exhaust from _ 
the steam power unit. When fresh exhaust 70 
steam enters the receiver, the temperature of the 
resulting mixture of steam will tend to assume 
the value t1, the temperature of the steam al 
ready in the receiver. Similarly the resulting _ 
pressure would tend to assume the value 101, the 75 
pressure of the steam in the receiver. But steam 
at a temperature t2 and a pressure 112 is being 
continually supplied to the receiver by the ex 
haust of the steam power unit. Hence, the vol 
ume being constant and heat being abstracted 80 
from the steam by the cooling means, the pres 
sure in corresponding to the temperature t1 can 
only be attained by the deposition of ‘water from 
the exhaust steam, which deposition accordingly 
takes place when the exhaust steam enters the 85 
receiver. , 

The invention will ‘now be described by way of 
example, and with reference to‘ the annexed 
drawings, in which:— ‘ I 

Fig. 1 is a diagrammatic plan view of one form 90 
of steam power system embodying the features of 
our invention. 

Fig. 2 shows the exhaust steam receiver and 
pertaining parts in sectional elevation. I 

Fig. 3 is a view similar to Fig. 1 but of a 95 
modi?cation. 
Throughout the drawings the same references 

denote the same or similar parts. 
Referring ?rst more particularly to Figs. 1 and 

2, numeral 1 denotes. the generator from which 109 
high pressure steam is supplied, through the 
steam pipe 2, to the steam power unit 3, here 
represented as a single cylinder reciprocating 
engine. After doing work in known manner in 
the unit 3 the steam passes, by the exhaust pipe 105 
4, to the exhaust steam receiver 5 provided with‘ 
a restricted outlet 5*‘. As shown in Fig. 2, the 
receiver 5 consists of a system of inverted U 
shaped pipes 5 open at their one end to an inlet 
15 in Communication with the aforesaid exhaust 110 
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.32 
pipe 4 and at their other end to the aforesaid re 
stricted outlet 5*‘, the inlet 15 and the outlet 5a 
being separated by the partition 15a; The re 
ceiver 5 is jacketed at 6, and cold water from a 
suitable supply source, represented as a tank 63 
in Fig. 1, is allowed to flow constantly through 
the jacket,.entering by way of the pipe 14 and 
leaving by the pipe '6". The rate- of flow of‘cool 
ing water through the jacket 6 is determined by 
a valve 14EL which is controlled automatically by 
the action of the exhaust steam from the steam 
power unit 3. To this end the .valvelpropenis 
connected by a rod 16 to a lever l7_;pivoted at 
18 on a diaphragm box 20 containing a diaphragm 
19 with a projecting pin KlQE‘bearing-againSt-a 
?nger l7b depending rigidly "from the lever 17 
which has an adjustable iloading =.-.w,ei_ght ;_17=1. 
Steam from the exhaust pipe 45has accesspby 
way of pipe 21, to the interior of the diaphragm 
box 20 at one side of the diaphragm. ‘It'is evi 
dent. that de?ection “of the. diaphragm ‘19 ., under 
the steam.‘ pressure raisesthe lever .17 about .its 
‘pivot, byre‘asonof the. contact ,of thediaphragm 
,rinABs and manager 1713, thereby opening the 
valve , 14% an _‘ amount proportional ,to _ the . steam 
pressure- . ' 

' ‘As the outlet. end?tof. thereceiver ,5 is. reduced 
the steam “cannot escape .freely .from .the .re 
ceiver but iscon?ned ,ordelayed therein and while 
being sondelayed» it is?GtQd on by the coolingwater 
circulated, thllQllgh .the ‘jacket 6. and its . tempera 
tureglowered. below that of ,the exhaust. steam in 
‘the .pipe Aaof the system, .the .combined action 
pf \the . compressive .effect ‘of the fresh quantities 
of .entering steam and thesudden reduction of 
‘the .temperaturecausing .the steam in the re 
ceiver ‘5 to be. converted, into “steam-water” which 
istdrawno?yby the pipe Rand \returnedby the 
pump,,8.directly.to .the waterspace of thegen 
erat'or 1. The purnp?js shQwnasa reciprocat 
ingpump having ,itscrankshaft Ba operatively 
connected .with the . crank shaft ‘3a, of .the steam 
Power unit 3. .The connectionmay comprise .a 
‘suitably journalled shaft3bcoupledat 3° to the 
crankshaft 3iL and having .a .chain vwheel 311I 
round .whichand a similar-chain .wheel 8b on .a 
shaft 58°’ coupled , atBFi to ,the crank , shaft .88“ there 
passes a .drivmschain?e 
{Ilhe receiver ,5 .is not of large capacity .and, 

as - its. outlet 5a is reduced, ‘the .water ,of _ condensa 
tion in passing through the reduced outlet en 
trains ,the uncondensedwsteamwith it, the steam 
and water passing to the pump 8,. which is of 
smaller capacity than the receiver.5,.and thence 
to the ‘generator. it is important that ‘the .re 
ceiver 5 should .be-._o,f small ‘diameter ‘so that the 
cooling Water circulating through (the vjacket .6 
will quickly .act on the steam ,and partially .oon 
dense it the condensate being .drawn off .as .it is 
for-med and entraining .a-..coinparati_vely large 
volume of uncondensed steam. The temperature 
of ,the receiver ,5 should ,be constantly maintained 
below that of the exhaust steam in the pipe 4 
and in practice we have found that a tempera 

'. ture .of about 5'’ F. lower than that of the ex 
haust steam in .4 is desirable. 

In the modi?cation illustrated by Fig. 3 the 
steam from .the generator 1 passes by the pipe 
Sand branch 9*‘ to the steam power unit 3. The 
exhaust steam ‘from the .unit .3 is led by pipe 10 
to a pump 11 .the motor 12 .of ‘which is driven by 
steam obtained irom the generator 1 by way of 
the aforesaid pipe 19 and a second branch 9”. 
The steam frqmthe pump 11 is led into the ex 

- haust steam receiver :5 :by way let Pipe 10-“ and 

1,982,060 
the steam from the pump motor 12 is also led 
into the exhaust steam receiver 5 by pipe 13. 
As fully described with reference to Figs. .1 and 
2, the receiver 5 is water jacketed at 6. The 
“steam-water” formed in the receiver 5 is re 
turned to the steam generator 1 by the ,, pipe 7 
and pump 8_ as, before. 
With the arrangements described in the fore 

going it has been found by experiment that while 
there is a certain loss due to the back pressure 
iii the exhaust of the steam power unit, there is 
~a~marked~acceleration of the generating action 
of the boiler and a consequent saving in fuel. By 
introducing a pump 11, 12 as in Fig. 3, the back 
ipressureon. theJengine may be reduced. 

80 

90 
'In order'that the invention may be carried ‘ 

readily intoieffect, we‘ shall refer brie?y to the 
particulars. observed in the construction and op 
eration of one embodiment comprising a single 
cylinder reciprocating engine. 

The-lever .17 .is balanced by the weight 173 to 
give aflow of cooling water through the jacket 
6 surrounding the receiver-‘5 at theapproximate 
rate of four pounds of Water per minute, corre 
.spondingtothe flow at vthe .sametime of one 
pound. of exhaust steam. The ,lever .17 .has .a 
downwardly. depending ,member .17b.thereon ter 
.minatingi in a, cam. shapedlface 17°- against' which 
.the,horizontallyextending. rod- member 19%, which 
is connected ‘with diaphragm .19abuts. Asdia 
,phragm .19 ismoved toward the left .under :in 
creased steam .pressurerod 1.9a moves against .the 
cam face ,1.7°.of,~downwardly-depending member 

95 

100 

105 

.171) tendingto .raiselever v1‘7and open the valve ' 
14a. As the steam .pressure decreases, rod 19"L 
moves away .from - the ‘ cam face 17?, {thereby en 
abling member 17b tofall. Balancinglever T17 
follows in the .downwardpath, resulting in the 
,closingof the valve 14%. The :rate of heat .ab 
straction .inithe receiver-5 is thereforev regulated 
inaccordance with the discharge of the exhaust 
steam. Thearea-of the surface of the ‘receiver 
51in contact with the exhaust 3is proportioned 
so that for each cubic unit of steam in the re 
ceiverabout .from‘ two to three square units ‘of 
cooling surface .are provided, .and the relation 
between-the volume of the receiver 5 and the vol 
ume .of ‘the .engine‘cyllindery-is approximately as 
1 .isto .3. During the operation of the engine, 
the rate of ?ow of the cooling Water ‘is regue 
lated toapproximately the value abovespeci?ed 
by an .inlet valve which is actuated, in known 
manner, in accordance with the variationsof ‘the 
exhauststeampressure. , _ 

The feed pump for removing the so-called 
“steam-water” from the receiver is of the re 
ciprocating type and is arranged ‘so that the 
relative volumes of the .pump barrel and engine 
cylinder are approximately in the proportion of 
lrto 33. The area ‘of .the constriction at the 
bottom of the receiver and of the conduit lead-. 
ing from the receiver to the said feed pump is 
madeYapproximately equal to twice .the cross 
sectional area of a pipe suited to carry, under 
the same external conditions, ordinary water. 
The capacity of the said feed pump is kept in 
constant relationship with the discharge of the 
exhaust steam by driving the pump from the 
engine itself, or, should an independent drive for. 
the pump be employed, by connecting the said 
drive to control means actuated in accordance 
with the ?uctuations in pressure of the engine 
exhaust. To prevent loss 'of heat the said pump 
and its pipe connections may be lagged or in 
sulated. . 
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In starting up the system, the receiver may 

be heated, by admitting steam at 21%, to a teme 
perature approximately equal to the tempera 
ture (about 240° F.) of the exhaust steam, but 
after the system has been in operation for a 
short time the exhaust steam will quickly impart 
heat to the surface of the receiver. 
The steam generator of the system may be 

of any of the well known types, a vertical ?ue 
tube boiler being used in the present instance. 
As expelled from the engine, the steam (gen 
erated at 90 lbs; gauge pressure) has a resultant 
gauge pressure of 10 lbs., equivalent to a tem 
perature of 240° F., and under these conditions the 
“steam-water” deposited in the receiver as before 
explained has a temperature of about 235° F., 
the initial and ?nal temperatures of the water 
used to cool the receiver being approximately 
50° F. and 190°-200° F. respectively. 
» It will be understood that the foregoing em 
bodiment has been described merely by way of 
example and as showing what we have done ex 
perimentally and it is to be understood that we 
are not con?ning ourselves thereto but that va 
rious modi?cations and arrangements may be 
introduced, in so far as they fall within the scope 
of the appended claims. 
This invention is peculiar in that a partial 

vacuum is not maintained in the receiver but a 
pressure which is somewhat less than the actual 
pressure of the exhaust and also that a tempera 
ture always somewhat less than the temperature 
of the exhaust is maintained constantly in the 
receiver the exhaust steam being passed rapidly 
to the receiver which is of comparatively small 
capacity so as not to permit of much expansion 
of the steam and to ensure that the whole body 
of the passing steam as it enters the receiver 
shall be reduced, in temperature, practically 
simultaneously throughout, when suddenly act 
ed on by the cold produced by a heat abstracting 
means, such as constantly flowing water, the re 
sult being that the molecules of steam on enter 
ing the receiver are, acted on by different pres 
sures, the pressure in the receiver and the pres 
sure in the exhaust pipe, and the reaction caused 
by the difference in pressure plus the drop in 
temperature, due to the sudden cooling action 
of the heat abstracting means, causes‘the steam 
to be suddenly converted into a steam water 
(containing a large part of the latent heat of the 
steam) which can be passed directly by means 
of a pump, or otherwise, back again into the‘ 
steam generator. ' 

In certain respects the action is the reverse of 
the well known ?ash boiler in which water pass 
ing into small highly heated tubes is suddenly 
converted into steam. 
We claim: 
1. Means for thev conservation of heat within 

a'steam power system, comprising a steam gen-' 
erator including a water space therein; a steam 
power unit driven by steam from the generator; 
a receiver of which the volume is smaller than 
the volume of the working chamber of the steam 
power unit and into which the exhaust of the 
power unit is passed; said receiver including a 
pipe system, means surrounding said pipe system 
for effecting the abstraction of heat from the ex~ 
haust in the receiver; means for regulating the 
rate of such heat abstraction in accordance with 
the discharge of ‘the exhaust steam, the steam 
in the receiver being converted into a mixture of 
steam and water by being subjected simulta 
neously to the action of the heat abstracting 

3 
means and vto the compressive effect of'fresh 
quantities of further exhaust steam at a higher 
temperature and pressure. than the steam al 
ready in the receiver; and means for delivering 
the mixture of steam and water directly to the 
water space of the steam generaton 

2. Means for the conservation of heat'within 
a steam power system, comprising a steam gen 
erator having a water space therein; a steam 
power unit driven by steam from the generator; 
a receiver comprising a system of pipes of which 
the volume is smaller than the volume of the 
working chamber of the steam powerunit and 
into which the ‘exhaust of the power unit is 
passed; means surrounding said system of pipes 
for e?ecting the abstraction of heat from the 
exhaust steam in the receiver; a pipe line ex 
tending between the steam power unit and the 
vheat abstracting means and having a pump in 
terposed intermediate its length; means for reg 
ulating the rate of the heat abstraction in ac? 
cordance with the discharge of the exhaust 
steam, the steam in the receiver being converted 
into a mixture of steam and water by being sub 
jected to the action of the heat abstracting 
means, the action of the aforesaid pump and the 
compressive effect of fresh quantities of further 
exhaust steam at a higher temperature and 
pressure than the steam already in the receiver; 
and means for returning the mixture of steam 
and water so formed directly to the water space 
of the steam generator. 

' 3. Means for the conservation of heat within 
a steam power system, comprising a steam gen 
erator; a steam power unit driven by steam‘from 
the generator; a receiver comprising a system of 
pipes of-which the volume is smaller than the. 
volume of the working chamber of the ‘steam 
power unit and into which the exhaust of the 
power unit is passed; a chamber enclosing said 
system of pipes and providing va passage for the 
?ow of liquid for effecting the abstraction'of heat 
from the exhaust steam in the receiver; means‘ 
for regulating'the rate of such heat abstraction 
in accordance with the discharge of the exhaust 
steam, the steam in the receiver being convert 
ed into a mixture of steam and Water by being 
subjected simultaneously to the action of the 
heat'abstraoting means and to the compressive 
effect of fresh quantities of further exhaust 
steam at a higher temperature and pressure 
than the steam already in the receiver; and a 
pipe line extending between the receiver‘ and 
generator and having intermediate its length a 
pump driven from the steam power unit for re 
turning the mixture of steam and water from 
the receiver to the generator. 

4. Means for the conservation of heat within a 
steam power system, comprising a steam genera 
tor; a steam power unit driven by steam from the 
generator; a receiver comprising a' system of 
pipes of ‘which the volume is smaller than the vol~ 
ume of the working chamber of the steam power 
unit and into which the exhaust of the power unit 
is passed; means enclosing said system of pipes 
for e?ecting the abstraction of heat from the ex 
haust steam in the receiver; a pump interposed 
between the steam power unit and‘ the heat abw 
stracting means and having an operating motor 
driven by steam from the generator; means for 
regulating the rate of such heat abstraction in 
accordance with the discharge of the exhaust 
steam, the steam in the receiver being converted 
into a mixture of steam and water by being sub 
jected to the action of the heat abstracting means, 
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the pump and the compressive e?ect .of' fresh 
quantities'of further exhaust steam at a higher 
temperature and pressure than the steam already 
in the receiver; and a pump driven from the steam 
power unit for returning the‘mixture of steam 
and water from the receiver to the generator. 

5. Means for the conservation of heat within 
a steam power system, comprising a steam gen 
erator having a water space therein; a steam 
power unit driven by steam from the generator; a 
receiver comprising a system ofpipes of which 
the volume is smaller than the volume of the 
working chamber of the steam power unit and 
into which the exhaust of the power unit is 
passed; a chamber enclosing said system of pipes 
and constituting a water jacket for effecting the 
abstraction of heat from the exhaust in the re 
ceiver; means for regulating the rate of such heat 
abstraction in accordance with the discharge of 
the exhaust steam, the steam in the receiver 
being ‘converted into a mixture of steam and 
water by being subjected simultaneously to the 
action of the heat abstracting means and to the 
compressive effect of fresh quantities of further 
exhaust steam at a higher temperature and pres; 
sure than the steam already in the receiver, and 
means for returning the mixture of steam and 
water so formed directly to the water space of 
the steam generator. 

6. Means for the conservation of heat within a 
steam power system, comprising a steam genera 
tor having a water space therein; a steam power 
unit driven by steam from the generator; a re 
ceiver comprising a system~ of U-shaped pipes 

; of which the volume is smaller than the volume 
of the working chamber of the steam power unit 
and into which the exhaust of the power unit is‘ 
passed; a chamber enclosing said U-shaped pipes 
for effecting the circulation of a cooling fluid 
about: the pipes and causing the abstraction of 
heat from the exhaust steam in the receiver; a 
pump interposedbetween the steam power unit 
and the heat abstracting means; means for regu 
lating the rate of the heat abstraction in accord 
.ance with the discharge of the exhaust steam, 
the steam in the receiver being converted into a 
mixture of steam and water by being subjected to 
the action of the heat abstracting means, the 
aforesaid pump and the compressive effect of 
fresh quantities of further exhaust steam. at a 
higher temperature and pressure than the steam 

, already in the receiver; and means for returning 
the mixture of steam and water so formed directly 
to the water space of the steam generator, the 
capacity of said last recited means varying rela 
tively to the capacity of the power unit. _ 

'7. Means for the conservation of heat within 
a steam power system, comprising a steam gen 
erator; a steam power unit driven by steam from 
‘the generator; a'receiver comprising a multi 
plicity of U-bend pipes of which the volume is 
smaller than the volume of the working chamber 
of the steam power unit and into which the ex 
haust of the power unit is passed; a chamber for 
cooling water surrounding said pipes for effecting 
the abstraction of heat from the exhaust steam 
in the receiver; means for regulating the rate. 
of such heat abstraction in accordance with the 
discharge of the exhaust steam, the steamlin 
the receiver being converted into a mixture of 
steam and water by being subjected simultaneous 
ly to the action of the heat abstracting means 
and to the compressive eiTect of fresh quantities 
of further exhaust steam at a higher temperature 
and pressure than the steam already in the 

1,982,060 
receiver; and a pump ‘driven from the steam 
power unit for returning the mixture‘ of steam 
and water from thereceiver to the generator. _ 

8. Means for the conservation of heat. within 
a steam power system, comprising a steam gen 
erator; a steam power unit driven by steam from 
the generator; a receiver comprising a system of 
pipes of which the volume is smaller than. the 
volume of the working chamber of the steam 
power unit and into which ‘the exhaust of (the 
saidpower unit is passed; a ?uid chamber sur 
rounding said system voflpipes for the circulation 
of cooling ?uid around said pipes for effecting 
the abstraction of heat from theexhaust steam in 
the receiver; a pump interposed between the 
steam powerunit and the heat abstracting means; 
means for regulating the rate of such heat ab 
straction in accordance with the discharge of the 
exhaust steam, the steam in the receiver being 
converted into a mixture of steam and water by 
being subjected to the action of the heat ab; 
stracting means, the pump and the compressive 
effect of fresh quantities of further exhaust steam 
at a higher temperature and pressure than the 
steam already in the receiver; and a pump driven 
from the steam power unit for returning" the 
water deposited in the receiver to the generator. 

9. In a steam power system comprising a steam 
generator, a steam power unit driven by steam 
from the generator, and means for pumping back 
the exhaust from the power unit to the generator, 
the combination of a pipe system through which 
the exhaust passes to the pumping means and the 
volume of which is smaller than the volume'of 
the working chamberof the power unit, a cham-' 
ber enclosing the pipe system for circulating a 
cooling ?uid'about the pipes, said chamber hav 
ing cooling-fluidinlet and discharge connections, 
a valve disposed in the inlet connection} a dia 
phragm box, a diaphragm therein, means admit 
ting exhaust from the power unit to the box to 
actuate the diaphragm in timed; relation to op?" 
eration of the power unit, and means operatively' 
connecting the diaphragm and the valve, where--v 
by the valve is opened and closed automatically 
in accordance with the prevailing ‘steampr‘essure 
and the cooling is regulated so that a mixture 
of steam and water is formed in the pipe system 
for return to thegenerator by the pumping means.v 

10. In a steam power system comprising a steam 
generator, a steam power unit driven by steam 
from the generator, and means for delivering ex—-' 
haust from the power unit to the generatonthe 
combination of a pipe system through which the 
exhaust passes and the volume of which is smaller 
than the volume of the working chamber of the 
power unit, a fluid chamber enclosingvthe pipe 
system and having cooling-fluid inletand dis 
charge connections, a valve disposed in the inlet 
connection, a diaphragm box, a diaphragm there 
in, means admitting exhaust from the'power unit 
to the box to actuate the diaphragm in timed 
relation to operation of the power unit, a'pin 
projecting from the diaphragm through the'box, 
a weighted lever pivoted adjacent the box,:means 
on the lever contacting with the ‘pin to cause 
movement of the lever with the diaphragm, and 
means connecting the lever ‘with the valve, where 
by the valve is opened and closed in'ac'cordance 
with the prevailing steam pressure and‘the cool- 
ing 'is regulated so that a. mixture of steam and‘ 
water is formed in the pipe system for return to 
the generator.‘ " ~ ‘ ' 

11. In a steam power system comprising a steam 
generator, a steam power unit driven by steam? 
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from the generator, and means for pumping back 
the exhaust from the power unit to the generator, 
the combination of a pipe system through which 
the exhaust passes to the pumping means and 
the volume of which is smaller than the volume 
of the working chamber of the power unit, a. 
chamber for a cooling ?uid enclosing the pipe 
system and having cooling-?uid inlet and dis 
charge connections, a valve disposed in the inlet 
connection, a diaphragm box mounted upon said 

5 
chamber, a diaphragm therein, means admitting 
exhaust from the power unit to the box to actuate 
the diaphragm in timed relation to operation of 
the power unit, means operatively connecting the 
diaphragm and the valve whereby the valve is 
opened and closed automatically in accordance 
with the prevailing steam pressure, and means 
for relieving the back pressure of the power unit. 
JOHN MCCALLUM. 
HARRY PERCIVAL HARVEY ANDERSON. 
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