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UNITED STATES PATENT OFFICE 
2,663,547 

CONDENSER, DEAERATOR, 

George W. Evans, Jr., Teaneck, and William E. 
Brockel, Werona, N. J., assignors to The Lum 
mus Company, New York, N. Y., a corporation 
of Delaware 

Application May 25, 1949, Seria No. 95,352 
(C. 257-43) 6 Claims. 

This invention relates to improvements in 
Steam powes' plant equipment and more particu 
larly to ingroved condensing and deaerating ap 
paratus for Such a plant. A Steam power plant 
employing a turbine normally includes, in addi 
tion to a boiler or steam generator, a series of 
feed Water heaters and a surface condenser for 
the exhaust steam from the turbine. Steam con 
densate is conducted from the hot weii of the 
Condense through the feed water heaters in 
Series and returned to the Stean generator. 
Within the heaters the condensate is heated by 
Steam Which is tapped from one or more stages 
Of the turbine. Such steam is condensed in its 
paSSage through the heaters, and the condensate 
is also returned to the steam generator. This 
condensate, together with make-up water, as re 
quired for the generator, should be deaerated be 
fore introduction to the generator and it is cus 
tOrnary to provide a separate dealerator unit for 
that purpose. The dealerated water is pumped 
fi'Oil Said unit through one or more heaters to 
the boiler and it is often required that the unit 
be mounted at a high elevation above the pump 
in order to afford sufficient head to ensure prop 
er Operation of the pump. Such a unit with its 
Inounting and connections is an objectionably 
COStly part of the power plant equipment. 
An important object of the present invention is 

to provide for satisfactory embodiment of de 
aerating apparatus for the heater condensate 
and/or the nake-up water in the surface con 
de Ser Unit and thereby simplify the plant, equip 
rent and reduce its cost. 
A further object of the invention is to provide 

a conbined stea.in condensing and deaerating ap 
paratus devised to obtain advantageous coopera 
tion of Condenser features with the deaerating 
eaS. 

A still further object of the invention is to pro 
wide an improved condensing and deaerating unit, 
Wherein one or more deaerating devices are o 
cated at the exhaust steam inlet passage of the 
condenser and are subject to the same vacuum 
Or low preSSure condition as that existing within 
the condenser and wherein the usual air-offtake 
ineans of the condenser is made to serve for ex 
hausting the air from a charge of condensate 
froin the feed Water heaters and also from make 
up water, and Wherein the deaerated charge is 
Conducted to the hot well of the condenser. 

Further objects and advantages of the inven 
tion will appear from the following description 
taken in connection with the accompanying draw 
ingS. 
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In the dra Wings: 
Figure 1 is a vertical sectional view of a con 

denser unit embodying the invention, the sec 
tion being on the line - of Figure 3; 

Fig. 2 is a diagrammatic View of a portion of a 
steam power System embodying the invention; 

Fig. 3 is a vertical Section on the line 3-3 of 
Fig. , on a reduced scale and partly broken away; 

Fig. 4 is a view similar to Fig. 1 showing the 
invention embodied in a condenser having an in 
let paSSage arranged to deliver the steam later 
ally to one side of the tube nest; and 

Fig. 5 is a vertical Section on the line - of 
Fig. 4. 
The structure of the condensing and dealerat 

ing unit shown in FigS. and 3 includes a cylin 
drical shell horizontally disposed and formed 
at its upper side With a done portion 2 which 
provides an inlet passage for exhaust steam from 
the turbine and also provides Support and hous 
ing for deaerating devices which Will be de 
scribed hereinafter. The done is rectangular in 
horizontal section and has opposite side walls 3 
which are vertical for most of their height and 
extend tangentially upward from the body of the 
shell, as shown in Fig. 1. These walls have up 
Wardly converging upper portions 3d, which ter 
minate in vertical portions 3b. Opposite end 
Walls 4 of the done converge UpWardly for Ost 
of their height and terminate in vertical portions 
Similar to those 3b of the Side Walls and form 
thereWith a frame for connection with the ex 
haust opening of the turbine. 
The opposite ends of the shell are fairaged and 

have secured thereto respectively, tube sheets 5 
and 6 and water boxes and 8. Tubes 9 connect 
the tube sheets and are arranged in a nest con 
prising two equal banks formed and Spaced to de 
fine therebetween a vertical central lane . his 
lane tapers downwardly and is flared at its upper 
and lower ends. Water box has a vertical, dias 
metrically disposed pass partition and , two 
nozzles 2 and 3. Referring to Fig. 1, the nozzle 
2 admits cooling water to the compartment at 

the left of the pass partition for flow through the 
tubes of the left-hand tube bank to the Water box 
and thence in reverse direction through the 

tubes of the right-hand bank to the Water box 
compartment at the right of the partition and 
out through the nozzle 3. Thus, the condenser 
is a tWO-paSS one but the Inuimber of passes may 
be varied by appropriate arrangements of pass 
partitions and nozzles. 
Each tube bank has an air-offtake baffle f4 ex 
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tending inwardly from the shell and downwardly 
into an intermediate portion of the bank. An 
air-offtake nozzie 5 is attached to the shell and 
leads outwardly from the space beneath the baffle 
: is of the left-hand tube bank, with reference to 
Fig. 1. A steam jet ejector is connected to the 
nozzle 5 to maintain a desired vacuum. Said 
ejector may deliver to the usual inter-and-after 
condenser combination, not shown. Offtake 
equalizing pipes lead from the space beneath 
the baffle 5 of the right-hand bank, over the 
upper side of the end portions of the shell and 
downwardly to the space beneath the left-hand 
baffle 4 at a lower level than the offtake nozzle 
5 so that non-condensible gases may be with 
drawn substantially equally from both banks 
through the no.72ie 5. 

Beneath the shell there is a hot well 8 which 
extends along the major portion of the shell 
length and is of quite substantial depth and 
width to give it relatively large storage capacity. 
Within the upper portion of the hot well there 
are deaerating means for the condensate drained 
from the tube bank. Such neans includes a 
pair of plates 9 extending horizontally the full 
length of the hot well and secured thereto and 
arranged in spaced vertical planes. These plates 
define a Stearn paSSage which is a continuation 
of the steam lane between the tube banks. 
Along their lower edges Said plates have Out 
Wardly extending perforated shower trays 23 wit 
upturned outer edges. These trays terminate 
short of the adjacent side walls of the hot well. 
Two other perforated shower trays or decks 2 
extend from the plates 9 to the adjacent side 
Walls of the hot well. At a level Substantially 
midway between the trays 20 and 2, the oppo 
site side walls of the hot well bear perforated 
showertrays 22 which extendinwardly and termi 
nate short of the plates 9 and have upturned 
inner edges. All of Said shower trays extend the 
full length of the hot well, and are welded or 
otherwise Suitably secured to the adjacent walls 
of the hot well and the plates 9. The upper 
most trays 2 have overflow down pipes 23 whose 
lower ends project into cup-shaped condensate 
traps 24 to prevent steam from passing through 
the pipes. Air Offtake pipes 25 lead frona oppo 
Site SideS of the hot well, at points between the 
decks 2 and 22, to the shell and open into the 
tube banks at points adjacent the lower edges of 
the baffles A. The hot Well has a, condensate 
discharge nozzle 28 leading from its lower portion. 
incorporated and coacting with the condensing 

apparatus there is apparatus for deaerating a 
charge of condensate from the feed water heaters 
and/or boiler make-up water. This dealerating 
apparatus includes a pair of deaerating devices 
filounted within the dome along the opposite 
Side Walls 3 and Symmetrically arranged with 
respect to a vertical central plane. Each of said 
devices includes a plate 2 disposed in the verti 
cal plane of the done wall 3b and spaced down 
wardly therefrom. Along its lower edge said 
plate has an outwardly extending perforated 
Shower tray 26 terminating short of said Wall 
3 and having an upturned outer edge. At an 
intermediate level in the height of the plate 27, 
there is a perforated shower tray or deck 29 
which extends from the plate to the Wall 3 and . 
is provided with overflow downpipes 39 open at 
both ends. At a level between the tray 28 and 
the deck 29 there is a perforated shower tray 3. 
This tray extends inwardly from the Wall 3, termi 
nates short of the plate 27 and has an upturned 
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4. 
inner edge. The plate 2 and all of Said trayS 
extend the full distance between the dome Walls 
4 and are welded or otherwise Suitably Secured 
to the walls 3 and A and the plate 27. 
At the outer side of one of the walls & there 

is a pipe 32 to deliver the charge to the deaeratoi' 
devices. This pipe has two branches 33 each of 
which extends throughout most of the length of 
One of the dealerator devices within the chamber 
defined by the dome walls and the plate 2. 
Within each device the respective pipe S3 is Spaced 
above the tray 29 and has a row of Spray nozzles 
34 directed upwardly and outwardly toward an 
impingement plate or wear plate 35 Secured to 
the Wall 3d. 
A pair of collecting troughs 35 for the deaerated 

liquid extend along the inner side of the done 
Walls 3 and underlie the deaerator devices. Each 
trough 36 is spaced downwardly from the tray 
28 thereabove and extends the full distance be 
tween the dome walls 4. The troughs are welded 
or otherwise suitably secured to the done Walls 
3 and 4. A pair of cross pipes 3 connect the 
two troughs, near the ends thereof, and a drain 
pipe 38 leads downwardly from each cross pipe 
and through the lane 9 between the tube banks. 
The end Walls of the hot well extend upwardly 
into the shell and form weirs 39 which, together 
With the end portions of the shell and the tube 
sheets, define Wells to receive the liquid from 
the pipes 38. The liquid overflows the weirs and 
falls upon the shower trays 2 within the hot 
well. Between said trays the walls of the hot 
well are high enough to prevent overflow of the 
liquid into the space between the plates 9. 
Within each end portion of the Sheil there is a 
vertical strip 49 Welded or otherwise Suitably Se 
cured to the adjacent tube sheet and Weided 
along one of its vertical edges to the adjacent 
drain pipe 38 to support the latter. A down 
Wardly and outwardly inclined plate f is also 
Welded to the lower end portion of each Strip 
in a position to receive the discharge from the 
drain pipe 38 and direct it into the adjacent Weil. 
Air offtake pipes 42 lead from the Space be 

tween the trays 29 and 3 of each dealerator de 
vice Within the dome. These pipes extend down 
Wardly outside of the shell and open into it at 
points adjacent the air-cooling tubes beneath 
the baffles 4. 

In the operation of the apparatus, exhaust 
Steam passes from the turbine T (Fig. 2) into 
the condenser, and condensate is Withdrawn 
from the hot well 8 through a pipe 3 and passed 
in Succession through the tube Side of a drain 
cooler C and a plurality of feed Water heaters 
it, enroute to the stean generator, not shown. 
Steam is tapped from one or more Stages of the 
turbine through pipes P and P1 and passed to 
the shell side of the heaters H respectively, to 
heat the Water fioWing through the tube side of 
the heaters by indirect heat exchange. Con 
densate of the steam within the heaters is passed 
through a pipe 44 from one heater to another, 
and through a pipe 45 to the drain coolier C and 
thence through a pipe 46 to the pipe 32. This 
pipe delivers said condensate to the deaerating 
devices Within the dOne of the coindenser. 
Make-up water may be Supplied, as needed, to 
the System at any Suitable point. For example, 
it may, as shown, be Supplied through a pipe M. 
to the Shell Side of the Second heater H. 

5 

The liquid delivered by pipe 33 will be passed 
through the pipes 33 and, within each deaerator 
device, the liquid will be discharged through the 
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Spray nozzles 34. Usually, a vacuum ranging 
fro: 28 to 29 inches will be maintained within 
the condenser and this vacuun will exist. Within 
each dealerator OWing to the fact, ta. Sania is 
Open, above and below its plate 27, to the interior 
of the condenser. Since the liquid discharged by 
the ICZZies will, in most cases, be hotter than 
the Steai passing through the coindenser donae, 
at least Sone of the discharged liquid will be 
Vaporized under the low presse Within the de 
aerator chambers aid the vapor will scatter the 
la Vaporized portion of the liquid aid hereby a S 
Sist in itS dealeration. The lic lid portion of the 
charge Will be further divided by showering from 
tray to tray Within the deaerators and be colleat. 
ed by the troughs 33. The vaporized portion can 
eScape thirough the Space between the tipper (e 
Of the plates 2 and the done wall 3 a to the 
strean of exhaust, steam from the tirhine. Stealina 
Ca. also foW across the showers between the 
troughs 35 and the trays 28 and also across the 
showers between the trays and thus heat the die. 
Sceilding liquid. The plates 2 Serve as Shields 
and prevent, the Water from being swept from the 
trays by the iniushing stream of steam from the 
turbine. Air will be withdrawn through the pipes 
A2 then across the condenser tubes under the half. 
fies it and out through the air off-take nozzle 
5 of the condenser. In some cases, as for exagra 

ple, when all or a substantial portion of the 
charge is nake-up water, the charge inay Iyo 
Vaporize within the deaerating devices, de to 
lack of Sufficient heat Within the charge. - 
eyer, tha charge reduced to a divided Statg 
Within the dealerators, will still be subjected to 
heating and deaeration both there and later with 
in the hot well. 
The deaerated liquid of the charge collected by 

the troughs 38 will be drained through the pipes 
3 and 3 to the Wells at the ends of the condenser 
She aid will flow over the Wei's 39 to the Shower 
trays or decks 2. There, the liquid will inningie 
With the condensate foil the Surface of the co 
dense tubes and be showered theireWitt fron 
trays 2 , 22 and 28. Thereby, said liquid will be 
Subjected to further deaeration and the air Wii 
be withdrawin through the pipes 25 to the the 
banks for exhaustion through the offtake nozze 
f5. The liquid will also be reheated within the 
hot, well, along with the exhaust steata con 
densate, by Steam which passes downwardly from 
ths lane , though the passage between the 
plates 9 and thence into contact. With the show 
ers from the hot, Well trays, 

he invention provides for efficient deaeration 
tof the islid within a unit, which also enho dies 
the condense and provides for advantageous co 
operation of the deaerating apparatus with fea 
tures of the con?ensei S: ch as tha air offtale fea 
tre, the conderS2te reheating feature, the ce 
densate deaerating feature in the hot we and the 
storage space afforded oy the hot Wei. Tis ne3d. 
for a separate deaerating unit. With its own stor 
age tank is eliminated with Consecuent ecolony 
in equipient. 
As shown in Fig. 2, air within the heaters Filnay 

also be vented to the deaerating ineais Within 
the Sealii inlet, passage of the condesgr. Foi 
that, purpose, a line is leads from the shell of a 
high pressure one of the heaters to the shei of a 
ower pressure heater, and a line (8 leads fro? 
the latter heater to one or both of the deaerating 
devices within the condenser done. Thence, the 
air from the heaters is conducted through this air 
offtake pipes to the tube nest along with the 
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6 
Separated from the liquid charge delivered 
through the pipe 32. The lines A and 48 are 
provided with valves W to control flow through 
the lines. 

FigS. 4 and 5 show an adaptation of tie invein 
tion to a condenser unit designed for admission 
of the Stean fron the turbine lateray to One 
side of the tube nest instead of doWnWardly theire 
to. The condenser shell, designated a, has con 
necting laterally extending portions or sections 
9 and 5 defining the Stear inlet passage. Sec 

tion may be integral With the portion 5 and 
the body of the shel Gr it lay, as shown, be 
What is knoWn, as a "transition piece' bolted, as 
at 5, to the portion S and forning part of the 
stean delivery connection between the turbine 
and the body of the shell. At any rate, the sec 
tion 5 forms, in effect, part of the condeiser 
unit. A pair of dealerating devices are located 
within the section 53 and Secured by welding or 
other suitable means to opposite vertical side 
Walls of this Section, 
These deaerators are, it general, Siiniia, to 

those of the previously described fort of the 
invention, and sinnilar parts are designated by 
corresponding reference characters. Each de 
vice has opposite end walls 52 Welded or otherwise 
suitably secured to the ends of the shower trays 
28, 29 and 3 and to the trough 3. These end 
walls shield the trays and the shower's fion the 
inrushing stean. A drain pipe 53 leads fron 
each trough 3 to a dealerating device Within the 
hot, Wel (, The hot Wei dealeratCr incides a, 
vertical wall 54 Spaced inwardly froiia an opposed 
Wall of the hot Weil and defining therewith a 
stear passage 55. TWO Wertically Spaced, ex 
forate shower trays 5 and 5' extend between the 
opposite Wall of the hot Wei and the Wa S4. 
The upper tray 56 extends clear across tha Space 
between said walls, and the lower tray S. ex 
tends fron wall 54 only part Way across Said space 
and has a Uptuned fiage aidig it ee eige. 
An intern ediate perforated shower tray 33 ex 
tends from Said opposite Wall only part Way 
across said Space and also has a ct, ined failge 
along its free edge. All of said trays and the Wall 
E is are welded or otherwise Suitably Securied at 
their opposite ends to the end Walls 33 of the hot 
Well. Wall 36 has an Outwardly curved upper eX 
tension which forms a, afie to divet, part of 
the entering steam into the hot, Well passage 5. 
The drain pipes 53 lead past the opposite ends 
of the baffle 6 and discharge upon the ipei'- 
most tray 56. The condensate fron inses, of 
condenser thes at also drains upon Saif ay. 
Any condensate which inay collect, Within the osi 
er portion of the inlet Sections is and 53 will he 
directed by a weir past the oposite eids of the 
baffle 6 and onto the tray 5. 
An air offtake pipe 6 has its opposite ends 

opening respectively, into the deaerator devices 
within the section 5 of the stearn passage, at 
points between the trays 29 and 3 of Said de 
vices. A pipe 53 leads from pipe 62 to the oppo 
site side of the shell from the steam inlet and 
opens into an air cooler section of the tube nest 
partly Segregated by a baffle 54. Another air off 
take pipe 35 leads from the space between the 
hot well trays 5 and 58 to said air cooler sec 
tion of the tube nest. 
The operation of the apparatus shown in Figs. 

4. and 5 is quite similar to that of the previously 
described form of the invention. The charge of 
heater condensate and/or make-up water de 
livered by the pipe 32 will be passed downwardly 

-- s 
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through depending branches. 32a to the pipes. 33. 
and discharged through the spray nozzles 34 in 
the deaerators. Air will be evacuated from the 
deaerators through the pipes S and 62, the air 
cooler Section of the tube nest and the air off 
take nozzle 5 of the condenser. The deaerated 
liquid, heated by the steam of the inlet paSSage, 
Will be collected by the troughs 36 and drained 
through pipes 53 to the upper tray of the hot well 
where it will join the condensate drained from 
the condenser toes. Within the hot Well, said 
two iduidis will be heated by Stean diverted 
through the passage 55. Air within Said CO 
densate and any air which may remain in the 
liquid delivered by the pipes 53 will be withdrawn 
through pipe 53, the air cooler section of the tube 
rest and the air offtake nozzle 5. 
In the Operation of either form of the appa, 

ratus the make-up water may, if desired, be in 
troduced to the deaerators separately from the 
heater condensate. 
While the invention is disclosed as employed 

in power plant service it may be employed ad 
vantageously in other Services requiring surface 
condense equipment and dealerating equipment. 
It is, of course to be understood that the present 
disclosure of the invention is merely illustrative 
and in nowise limiting and that the invention 
Cornprehends Such modifications as will fall. With 
in the Scope of the following claims. 
An the claims, the word “steam,'” except where 

identified with a steam power system, is intended 
to COrnprehend other vapors also, and the word 
“air,' wherever it occurs, is intended to compre 
hend also other non-condensible gaseous media. 
We claim: 
1. The combination of a Surface condenser unit 

including a shell, a nest of substantially hori 
Zontal condensing tubes therein, means for cir 
culating cooling water through the tubes, the 
shell having therein an inlet passage for con 
ducting steam to the tube nest for condensation, 
a hot we below the tube rest to receive the 
steam condensate from the tubes, a deaerating 
device within the hot well, and air offtake means 
leading from a relatively cool portion of the tube 
nest Spaced fron Said Stean inlet paSSage; and 
deaerating apparatus integrated with Said Con 
denser unit and independent of the dealerating 
device within the hot well and comprising a 
channer Within Said. She at said Stean paSSage 
and spaced from the hot well, a water delivery 
conduit leading from Outside of the condienSer 
unit, said conduit being in delivery communica 
tion with said chamber and free from Water 
receiving communication with the condenser unit 
to deliver to the chamber heated water from an 
outside source, Superposed, trough-like shower 
trays within said chamber below the delivery 
point of said outside water to discharge same 
down Ward therefron in Succession in fine 
streams, said chamber having a steam inlet bes 
low said trays open to said Stearn inlet paSSage, 
an air offtake conduit leading from Said cham 
ber at a level between the uppermost one of said 
trays and the next lower tray, said trays being 
arranged to cause serpentine flow of the Stean 
from said inlet croSSwise of said streams, and 
said air offtake conduit leading to Said relatively 
cool portion of the tube nest for paSSage of the 
air to said air offtake means thereof, a trough 
beneath said trays and below said steam inlet 
to collect the Water discharged from the trayS, 
and a drain connection between Said trough and 
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the deaerating device within the hot well to des. 
liver the water thereto for further deaeration. 

2. The combination of a Surface condenser 
unit, including a shell, a nest of Substantially hor 
izontal condenser tubes therein, means for cir 
culating cooling water through the tubes, the 
shell having an inlet passage for conducting Steam 
to the tube nest for condensation, a hot Well 
below the tube nest to receive the Steam con 
densate from the tubes, and air offtake means 
leading from a relatively cool portion of the tube 
nest Spaced from Said Steam inlet passage; and 
deaerating apparatus integrated with Said Con 
denser and comprising a chamber within said 
shell at said steam passage and spaced from the 
hot well, a water delivery conduit leading from 
outside of the condenser, said conduit being in 
delivery communication with said chamber and 
free from water-receiving communication with 
the condenser unit to deliver to the chamber 
heated water from an outside Source, Superposed, 
trough-like shower trays within said chamber be 
low the delivery point of said outside water to 
discharge same downward therefrom in Succes 
sion in fine streams, Said chanber having a Stean 
inlet, below said trays open to Said steam paS 
sage, an air offtake passage leading from Said 
chamber at a level between the uppermost One 
of said trays and the next lower tray and ex 
tending to said relatively cool portion of the nest 
for passage of the air to said air offtake means 
thereof, said trays being arranged to cause up 
Ward serpentine flow of the steam from Said in 
let crosswise of said streams, a trough beneath 
said trays and below said steam inlet to collect 
the Water discharged from the trayS, and a drain 
connection between said trough and the hot Well 
to deliver said outside water thereto. 

3. The combination claimed in clair. 2 wherein 
the said deaerating chamber has a steam inlet 
at the upper portion thereof open to said steam 
inlet, passage and the said conduit for delivery of 
outside Water has spray nozzles spaced thei'ealong 
to discharge the water into Said chamber in the 
presence of stean admitted through said upper 
Stearinet. 

4. The combination clained in claim 2 Wherein 
the said stean inlet passage eXtends down Ward 
to the tube nest and the said deaerating chamber 
is located above the tube nest. 

5. The combination claimed in clai: 2 includ 
ing another deaerating appalatus according to 
the one claimed in said claixa, the deaeirating 
chambers of said apparatuses being located at 
opposite sides of said Steam passage. 

6. The combination of a surface condenSer (it 
including a shell, a nest of substantially horizon 
tal condensing tubes therein, sans for circulat 
ing cooling water through the tubes, the shell 
having therein an inlet passage for conducting 
Stearn to the tube nest for condensation, a hot 
Weii below the the nest to receive the Stean co 
densate from the nest, a deaerating device within 
the hot, Well, and air offtake means leading froii 
a relatively cool portion of the tube nest spaces 
from Said steaI inlet paSSage and in air-receiving 
communication with said device; and degerating 
apparatus integrated with said condenser unit 
and independent of the deaerating means within 
the hot well and comprising a chamber, within 
the she at Said Stearn passage and spaced from 
the hot well, a water delivery conduit leading 
from outside the condenser unit, said conduit 
being in delivery communication with said cham 
eer and free fron water-receiving communica 
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tion with the condenser unit to deliver to the 
chamber heated water from an outside source, 
Superposed trays within the chamber below the 
delivery point of Said outside water to collect the 
Water and discharge it downward from tray to 
tray in fine streams, said chamber having a steam 
inlet located at one level of the space containing 
Said trays, and an air offtake conduit leading 
from Said Space at a level substantially spaced 
from the level of said steam inlet, said offtake 
conduit leading to said relatively cool portion of 
the tube nest for passage of the air to said air 
offtake means thereof, and said chamber having 
a passage to conduct steam from said inlet toward 
Said air offtake level and into contact with said 
streams of Water, a trough beneath said trays to 
collect the Water discharged therefron, and a 
drain connection between said trough and the 
dealerating device within the hot well to conduct 
the Water thereto for further deaeration. 

GEORGE W. EVANS, JR. 
WILLIAM E. BROCKEL. 
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