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UNITED STATES PATENT OFFICE. 
.THOMAS H. BBOCoAN, or NEW ORLEANs, Louisian A ??? 

INTERNAI-???BUSTION TUBBINE. 
1,315,906. 

To all whom it may concern: 
Be it known that I, THOMAs H. BROCK 

MAN, a citizen of the United States, re: siding at New Orleans, in the parish of 
Orleans and State of Louisiana, have in 
vented new and useful Improvements in 
Internal-Combustion Turbines, of which the 

O 

following is a specification. 
This invention relates to improvements 

in internal combustion turbines and has par 
ticular application to an internal combus 
tion turbine of the reaction type. 

15 

In carrying out the present invention it 
is my purpose to provide an internal com 
bustion turbine of the reaction type where 
by any grade of hydrocarbon fuel, or gas 
may be advantageously employed and the 
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maximum power of the turbine delivered 
irrespective of the grade of fuel used, and 
wherein the formation of carbon will be 
reduced to a minimum. 

It is also my purpose to provide a turbine 
of the class described which will be con 
structed in such manner as to occupy Small. 
space when compared with a steam motor 
or other power plant developing like horse 
power; and will weigh proportionately less, 
and which will involve compartively small 
expense both in installation and mainte 
aC8. 

Another object of my invention is the 
provision of an internal combustion reac 
tion turbine wherein the speed of the rotor 
may be regulated at will so that the power 
delivered by the turbine will be commensu 
rate with the work to be performed, and 
wherein the explosion chambers, the reac 
tion nozzles and the blade coöperating with 
such nozzles will be maintained at a proper 
working temperature in the operation of 
the turbine thereby preventing overheating 
and enabling the turbine to deliver its maxi 
mum power under all conditions. 
A further object of the invention is the 

provision of a turbine of the class set forth 
wherein the component parts will be so 
irranged and correlated as to reduce the 
possibility of derangement to a minimum, 
and, which will be simple, positive and re 
liable in operation. . . . . . . 
With the above recited objects in view 

and others of a similar nature, the inven 
tion resides in the construction, combination 
and arrangement of pafts set forth in änd 

specification of Letter Patent. Patented sept. 9, 1919. 
Application Aled January 20, 1919. serial No. 272,095. 

falling within the scope of the appended 
claims. . 

In the accompanying drawings:- 
Figure 1 is alongitudinal vertical section 

of an internal combustion reaction turbine, 

55 

constructed in accordance with my present 60 
invention. 

view. 
Fig. 3 is a similar view taken in a dif 

ferent plane. *:??? 
Fig. 4 is an enlarged cross sectional view 

through the valve mechanism. 
Fig. 5 is an enlarged detail view of the 
mutator and timing mechanism there 

O. 

Fig. 2 is a vertical transverse sectional 
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70 
Fig. 6 is a diagrammatic plan view of the 

rotors and stationary blades coacting there 
with. 

Figs, 7 and 8 are views of details of the 
invention. . 

Referring now to the drawings in detail, 
1-1 designates pedestals suitably spaced 
apart, while 2-2 indicates bearings suitably 
mounted on the upper ends of the ped 
estals 1-1 respectively. Journaled in the 
bearings 2-2 is a shaft 3 adapted to ro 
tate in the bearings. The bearings 2-2 are 
of any suitable or preferred construction. 
Surrounding the shaft 3 concentrically 

thereof is a casing 4 arranged between the 
bearings 2-2 and composed of an annulus 
5 having its respective ends flanged, end 
plates 6 bolted to one flange end of the an 
nullus 5 and an end plate 7 bolted to the 
other flanged end of the annulus. The end 
plate 7 is formed in such a manner as to pro 
vide an exhaust chamber 8 of appropriate 
dimension. 
Fixed upon the shaft 3 in the casing or 

housing 4 and arranged concentrically of 
the shaft is a rotor 9 comprising a side 
plate 10 spaced apart a short distance from 
the end plate 6 of the casing, a side plate 
11 spaced apart a great distance from the 
end plate 7 of the casing and an annular 
ring 12 arranged between the plates 10 and 
11 at the outer edges of the latter and suit 
ably bolted or otherwise fastened to stich 
side plates 10 and 11. ' 
In the present instance, the annulus 5 in 

creases in diameter from the end plate 6 
toward the end plate 7 and the outer-sur 
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face of the antitlar ring 12 is similarly 



a 1,315,908 
formed so as to conform to the shape of each embodying inner and outer rings and 
the annulus 5. In this form of my invention an annular series of blades between such 
I have shown the side plate 11 of the rotor rings spaced apart equal distances around 
as substantially saucer-like in shape with the rotor. The inner rings of the rotors 17 
the outer or peripheral edge straight to ac- and 19 form depending flanges or ears 20 
commodate the bolts or other fastening, that are arranged at the opposite sides of and 
meansso that this plate may be fastened to bolted to a circular plate or disk 21 that is 

... the ring 12. The center portions of the side arranged concentrically of the shaft 3 and 
10 

plates 10 and 11 of the rotor are bolted or bolted or otherwise fastened to the side 
otherwise connected to the respective ends plate. 11 of the rotor at the center of the 
of a sleeve 13 that is arranged concentri-latter. By means of the construction and 
cally of thmain, shaft 3 and forms, in ef- ??????? of the rotors, and stator's just fect, the hub of the rotor. . . . . . . described, it will be seen that the gases issu The rotor 9 is divided into the circularing from the reaction nozzles impact upon 

5 series of explosion chambers and in order the blades of the stators and react against 
to form these explosion chambers I employ the blades of the rotors with the effect to 
a number of partition plates 14 that radiate drive the rotors in one direction. As the 
from the hub 13 and have the side edges, rotors 1 and 19 are fixed to the plate 21 thereof in engagement with the respective 

20 side walls 10 and 11 of the rotor, and the 
outer edge fastened to or integral with the beseen that the rotor 9 i 
inner wall of the annular ring 12. In the , : ?? taken from the present instance the partition plates 14 are fuel. After the gases ar 
spaced apart equal distances around the hub are discharged intot 
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plosion chambers. In the present instance through the exhaust: 
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of the rotor to provide a plurality of ex- er 8 and from i the ex is . 

rt I have shown eight of such chambers and 
these are designated by the letters a, b, c, d, 

and the lattersecured to the rotor 9, it will 
subjected to the 85. 

so that the 
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in f??he presºnt in???ficé´fh??? Shifift 8 is 
formed with a longitudinal bore 23 that ex 

e, f, g, and h respectively. tends from one end of the shaft to a point 
The annular ring 12 of the rotor is formed slightly beyond the center of the rotor and 

at are arranged at the outer ends of the end of the bore, 23. explosion chambers respectively. In the airports 24 and 
present instance each reaction nozzle is ar- carbonports 25 
ranged approximately centrally of the dis-, respective ports 24 in outer communication 
tance between the partition plates forming therewi . . . . 
the particular explosion chamber and the ber to 

anular series of 

T h- " ... "?? - .95 - - - . . .? 

to ? a plurality of reaction nozzles formed in the shaft 3 contiguous to the inner 
15 th an 

es of hydro- ?: 
g ng side of the 

. . . .", kon 100 The ports 24 correspond innum 
ber to the explosion chambers and open into • - ? - ? - * 

inner end of the nozzle is adapted for com- the inner ends of the latt munication with such chamber, while the 25 also correspond in number with the ex-. 
40 outer end of the nozzle opens onto the ex- plosion chambe and open to the inner 105 haust side of the ring 12 of the rotor ends of such chambers respectively. Fixed 

Bolted or otherwise fastened to the inner in the hub 13 at the inner end of each ex surface of the annulus 5 contiguous to the plosion chamber are valve casings carrying. 
exhaust side of the ring 12 is a stator 16 in puppet valves 26 and 27 respectively that 

45 

50. 
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stators and rotors alternate with one an- shaft 3 and the sleeve valve 28, so that com 
60 

the form of a ring provided with inwardly control communication between the ex 
projecting impact blades 16 that are . . . . . ." ? ? ? ? ?? • -- ? 

adapted to receive the impact of the gases and hydro-carbon ports 24 and 25i 
issuing from the reaction nozzle so that such shaft 3. . . . . . . . . . . . . 
gases may react upon the nozzles and drive : Mounted in the bore 23 is al sleeve valve 28 ... 

* ?• capable of rotation within the bore and hav. the rotor. 

110 plosion chamber and the corresponding air 
in the 

115 
The present embodiment of my invention ing its inner end closed. The sleeve valve 

. . . is shown as a multiple stage turbine. There- 28 adjacent to its inner end is formed with 
fore a rotor 17 is shown adjacent to the ex- an elongated airport 29 and a similar hydro 
haust side of the stator 16, a stator 18 con- carbon port 30. These ports 29. and 30 are . . 
tiguous to the exhaust side of the rotor 17, adapted to register with the series of air. 120 and a rotor 19 contiguous to the exhaust ports 24 and the series of hydro-carbon ports 
side of the stator 18. In other words, the 25 respectively incidental to rotation of the 
other as is usual in multiple stage turbine munication may be established between the . . 
constructions. The stator 18 is identical in interior of the sleeve valve and the series of 
construction with the stator 16 embodying explosion chambers in the rotor 9. In the 

? present structure, the outer end portion of 
blades between the rings spaced apart equal the sleeve valve 28 is counter-bored and fit 
distances around the stator. The rotors 17 ted into such counter-bored portion is the 
and 19 alternate with the stators 16 and 18 inner end of a hydro-carbon conveying tube 

inner and outer rings and an annular series 
125 
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or pipe 31, the outer end of such tube or pipe 
31 extending downwardly so that a connec 
tion may be made between the tube and a 
Source of hydro-carbon fluid supply. A 
packing gland 32 encircles the tube 31 adja 
cent to its outer end and is carried by the 
outer end of the sleeve valve so as to effect a 
fluid tight connection between the sleeve 
valve and the hydro-carbon fluid conducting 
tube. This pacKing gland permits the sleeve 
valve to revolve while the hydro-carbon con 
ducting tube remains stationary. Extending 
through the tube 31 and the sleeve valve and 
spaced apart from the tube and the valve 
is an air conducting tube 33 whose inner end 
terminates short of the inner closed end of 
the sleeve valve and is formed with a boss 34 
that engages the inner wall of the sleeve 
valve at a point between the series of ports 
24 and 25 SO as to prevent intercommunica 
tion between such, ports thereby preventing 
the air from entering the hydro-carbon port 
in the shaft and the hydro-carbon liquid or 
fuel from entering the air port. In practice, 
the hydro-carbon liquid or gas traverses the 
space between the sleeve valve 28 and the air 
conducting pipe 33, while the air traverses 
the interior of the pipe 33; thus air may be 
delivered through the proper port to the 
explosion chambers and the hydro-carbon 
liquid or gas delivered to the explosion 
chambers through the ports 25, both sets of 
ports being controlled by the sleeve valve 28. 
Communication between the reaction noz 

zles 15 and the respective explosion cham 
bers is controlled by means of valves and 
operating mechanism for such valves. In 
the present instance, each valve is of the 
rocking or oscillatory type and comprises a 
plug or body 35 extending across the inner 
end of the corresponding reaction nozzle 15 
having its ends journaled in the respective 
end walls of such nozzle. The end of each 
plug 35 adjacent to the side plate 10 of the 
rotol is formed with a stub shaft 36 that 
projects beyond the plate 10, while the sides 
of the valve plug or body are cut out to pro 

i vide ports 37. Integral, or otherwise con 
50 

nected, to the inner side of the annulus 12 
and surrounding the inner portions of the 
respective valve bodies or plugs are semi-cir 
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cular casings 38 formed, at their opposite 
sides, with ports, 39 that coöperate with the 
ports 37 to facilitate the discharge of the 
gases from the explosion chambers when the 
valves are opened. 
In the present instance the valve operating 

mechanism embodies an eccentric 40 loosely 
mounted upon the main shaft 3 between the 
plates 6 and 10 and a strap 41 encircling the 
eccentric 40 and equipped with laterally pro 
jecting pins 42 corresponding in number 
with the number of valves. Each pin 42 is 
connected with the coll'esponding valve by 
means of a rod 43, the inner end of which is 

my present form of the turbine. 
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mounted upon the pin, while the outer end is 
pivotally connected with a rocker arm 44 
secured to the stub shaft 36 of the particular 
valve. By means of this construction it will 
be seen that when the eccentric is held sta 
tionary upon the main shaft 3, or revolved 
at a speed less than the speed of the main 
shaft, motion will be transmitted from the 
eccentric strap 41 through the rod 43 to the 
rocker arms of the stub shafts of the valves, 
thereby rocking or oscillating the valves in 
the inner ends of the reaction nozzles. Also 
Surrounding the shaft 3 adjacent to the ec 
centric 40 and integral with such eccentric 
or otherwise connected thereto is an annulus 
45 having its periphery formed with spur 
teeth or sprocket teeth. 

In the present instance I have shown an 
electric motor 46 mounted upon the bearing 
tube at the inlet side of the turbine and one 
end of the armature shaft of the motor 46 
extends through the plate 6 and is equipped 
with a pinion 47 over which and the toothed 
annulus 45 is trained an endless chain 47' 
whereby motion may be transmitted to the 
eccentric 40. On the other end of the arma 
ture shaft of the motor 46 is a pinion 48, 
while fixed upon the projecting end of the 
sleeve valve 28 is a gear 49 and over the 
pinion 47 and the gear 49 is trained an end 
less chain 50 whereby motion may be trans 
mitted from the armature shaft of the mo 
tor to the sleeve valve to revolve the latter. 

I will now proceed to describe the igni 
tion system which is used in connection # 

IS 

mechanism or system, in the present in 
stance, embodies spark plugs 51 secured in 
the side plate 10 of the rotor and projecting 
into the respective explosion chambers of 
the rotor. Fixed to the main shaft 3 is a 
commutator ring 52 arranged contiguous 
to the side plate 10 and embedded in the 
outer face or side of the ring 52 are contact 
studs 53 corresponding in number with the 
number of explosion chambers in the rotor. 
Each contact stud 53 is connected by means 
of a wire 54 with the central electrode of 
the corresponding spark plug 51, the other 
electrode of the spark plug being grounded 
upon the plate 10. Mounted in a transverse 
bore formed in the casting composing the 
annulus 45 and eccentric 40 is a spring 
pressed brush 55 that bears, at all times, 
against the outer face of the commutator 
ring 52 so as to engage the contact studs 53 
successively in the operation of the tur 
bine. A secqnd spring pressed brush 56 is 
slidably mounted within a bore in the end 
plate 6 and the end of the brush 56 at the 
inner side of the plate 6 engages or presses 
against a conducting ring 57 embedded in 
the annulus 45 and insulated therefrom and 
electrically connected with the brush 55. 
The outer end of the brush 56 is connected 
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with a binding post 58 to which one ter 
minal of the ignition circuit wire may be 
connected, the other terminal of the igni 
tion circuit being grounded so that current 
may flow through the particular plug in 
connection with the contact stud 53 that 
is engaged by the brush 55, thereby enabling 
the plug to produce the necessary spark to 
explode the mixture in the particular ex 
plosion chamber. 
In practice, the air port in the sleeve 

valve 28 is arranged in advance of the hy 

15 

of the hydro-carbon fluid thereto. As shown 

20 

dro-carbon port 30 so that the explosion 
chamber at the beginning of a cycle will re 
ceive a charge of air prior to the delivery 
in Fig. 3 of the drawing, the explosion 
chamber, a is at the beginning of a cycle 
and is receiving the charge of air through 
the air pipe 33, the port 29, the port 24 and 
the puppet valve 26. At the beginning of 
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the cycle the valve controlling communica 
tion between the explosion chamber and the 
reaction nozzle is completely closed so that 
the air will be prevented from. passing 
through the nozzle. When the explosion 
chamber a reaches the position of the cham 
berb the port 30 in the sleeve valve 28 es 
tablishes communication between the port 
25 in the shaft 3 and the oil conducting tube 
31 so that a charge of oil or other hydro 
carbon fluid will be delivered to the explo 
sion chamber through the valve 27, the ex 
haust valve, in this position of the explo 
sion chamber, remaining closed. When ex 
plosion chamber a moves from the position 
of the chamber b to the position of chamber 
o, the port 30 in the sleeve valve continues 
to establish communication between the hy 
dro-carbon supply and the explosion-cham 
ber and the exhaust valve remains closed. 
When the explosion chamber a reaches the 

45 
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position of the chamber d, the brush 55 en 
gages the contact stud 58, the Spark plug 
of such explosion chamber to the effect to 
explode the charge of air and the hydro-car 
bon fuel or fluid mingled in the explosion 
chamberia. When the chamber a reaches the position of the chamber e, the pressure 
in such chamber due to the explosion has 
risen to the maximum degree and when the 

55 

position of chamber f is reached, the ex 
panding gases are delivered to the reaction 
nozzle by the way of the open exhaust valve, 
the exhaust valve opening when this posi 
tion is reached. When the chamber a 
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reaches the position of the chamber 9 the 
gases continue to flow through the reaction 
nozzle, and when the position of the cham 
ber his reached, the air port 29 is the sleeve 
valve again establishes communication be 
tween the source of air supply and the par 
ticular explosion chamber while the exhaust 
valve of such chamber remains open there by enabling the scavenging charge of air 

1,315,906 

to be drawn through the explosion chamber 
to drive out the burned product of combus 
tion that may remain in the chamber. 
From the time that the explosion takes place in a particular explosion chamber, 

communication between the source of air 
supply and the source of hydro-carbon Sup 
ply is cut off by means of the sleeve valve 28 
and this communication is not opened until 
the particular explosion chamber reaches 
the position of the chamber a in Fig. 8 of 
the drawing, at which time the above cycle 
of operation again takes place in the con 
tinued operation of the turbine. It will be 
seen that the explosion chambers will pass 
through the above cycle of operation succes 
sively thereby enabling the power. of the 
rotor to be delivered to the shaft 3 continu 
ously and uninterruptedly. 8 
By slowing down the motor 46 approxi 

mately one-half of the speed of the turbine 
rotor, the above cycle of operation will be 
repeated at every two revolutions of the 
turbine rotor, while, if the rotary valve 28 is 
speeded up by the motor 46 so that such ro 
tary valve revolves at the same speed as the 

70 

75 

80 

85 

90 

rotor of the turbine, the turbine will cease 
operating owing to the fact that the relative 
position of the sleeve valve and the rotor 
remain the same thereby breaking up the 
cycle of operation and bringing the rotor to 
a stop. On the other hand, the sleeve valve 
28 may be speeded up by the motor 46 to such an extent that a relatively heavy charge is 
admitted in the combustion or explosion 
chamber thereby enabling more power to 
be developed. Again, the motor 46 may be 
cut out of operation and in this event the 
sleeve will be held stationary likewise, the 
brush 55, the ignition system and the eccen 
tric of the ? mechanism. When this 
occurs, the previously described cycle of op 
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eration takes place at every revolution of . 
the rotor. From this, it will be seen that the 
speed of the rotor, or the amount of power 
delivered by the rotor, may be controlled by 
varying the speed of the motor 46. 

10 

When the speed of the motor 46 is changed 
the spark is advanced or retarded according 
to the speed of the rotor and the operation 
of both the inlet and exhaust valves is 
changed so that the rotor will operate at the 
desired speed thereby enabling the desired 
power to be taken from the shaft 3 of the 
turbine. - 

In the present embodiment of my inven 
tion, a pipe 60 of relatively small diameter 
extends through the air conducting pipe 33 
and the outer end of this pipe 60 projects 
beyond the air conducting pipe 83 while 
the other end of the pipe 60 is fixed in the 
shaft 3 beyond the inner end of the sleeve 
valve 28. The inner end of the pipe 60 
€ommunicates with passages 61 formed in 
the shaft 3 radially of the latter ånd these 
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passages 61 open into the chamber 62 formed 
in the respective partition plate 14 of the 
rotor, the chamber 62 communicating with 
an annular chamber 63 formed in the annu 
lar ring 12. The outer end of the pipe 60 is 
adapted for connection with a source of wa 
ter, steam or other tempering agent and this 
tempering agent passes through the pas 
sages 61, the chamber 62 and the chamber 63 
commingles with the products of combus 
tion issuing through the reaction nozzles 15 
thereby preventing overheating of the tur 
bine in the operation thereof. 
While I have herein shown and described 

one particular form of my invention by way 
of illustration, I wish it to be understood 
that I do not limit or confine myself to the 
precise details of construction herein de 
scribed and delineated, as modification and 
variation may be made within the scope of 
the claims and without departing from the 
spirit of the invention. 
I claim:- 
1. In an internal combustion turbine, a 

main shaft formed with a longitudinal bore 
and with transverse ports communicating 
with said bore, means for delivering fuel 
to said bore, a sleeve valve in said bore, con 
trollino communication between the bore 
and said transverse ports, a rotor on said 
shaft formed with explosion chambers com 
municating with said ports and adapted to 
receive fuel charges through the ports from 
said valves and also formed with reaction 
nozzles in communication with said cham 
bers, means for exploding the charges in 
said chambers, means acted upon by the 
discharges from the reaction nozzles to drive 
said rotor, and means for rotating said valve 
at different speeds to control the speed and 
power output of said rotor. 

2. In an internal combustion turbine, a 
casing, a main shaft formed with a longi 
tudinal bore and with transverse ports com 
municating with said bore, means for de 
livering fuel to said bore, a sleeve valve in 
said bore controlling communication be 
tween the bore and said transverse port, 
a rotor on said shaft formed with explosion 
chambers communicating with said ports 
and adapted to receive fuel through said 
ports from said valve, means for exploding 
the charges in said combustion chambers, 
means acted upon by said exploding charges 
to drive said motor, means for rotating said 
valve at different speeds to control the speed 
and power of said rotor, said means includ 
ing a driving connection exterior of the 
casing, and means connecting said first 
named means to said last-named means whereby the time of the spark may be varied 
in accordance with the speed of the engine. 

3. In an internal combustion turbine, a 
main shaft formed with a longitudinal bore 
and with transverse ports communicating 

s 

with said bore, means for delivering fuel to 
said bore, a sleeve valve in said bore con 
trolling communication between the bore 
and said transverse ports, a rotor on said 
shaft formed with explosion chambers com 
municating with said ports respectively and 
adapted to receive fuel charges through said 
ports from said valves, means for exploding 
the charges in said combustion chambers, 
means acted upon by said exploding charges 
to drive said rotor, and means for rotating 
said valve at different speeds to control the 
speed and power output of said rotor. 
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4. In an internal combustion turbine, a 
main shaft formed with a longitudinal bore 
and with transverse ports communicating 
with said bore, means for delivering fuel 
to said bore, a sleeve valve in said bore 
controlling communication between the bore 
and said transverse port, a rotor on said 
shaft formed with explosion chambers com 
municating with said ports respectively and 
adapted to receive fuel charged through 
Saidports from said valve, means, for ex 
ploding the charges in said combustion 
chambers, means acted upon by said explod 
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ing charges to drive said rotor, and means. 
for rotating said valve at different speeds 
to control the speed and power of said rotor, 
and means connecting said first named 
means to said last named means whereby 
the time of the spark may be varied in ac 
cordance with the speed of the engine. 

5. In an internal combustion turbine, a 
rotor formed with a circular series of ex 
plosion chambers, reaction nozzles at the 
outer ends, of said chambers respectively, stationary blades communicating with said 
nozzles to receive the impact of the gases 
issuing from the nozzles whereby the gases 
may react on said nozzles to drive said rotor, 
means for feeding an explosive mixture 
to said chambers, and means for exploding 
said mixture within said chambers, valves 
controlling communication between said 
chambers and nozzles respectively, a valve 
operating mechanism comprising an eccen 
tric, a strap encircling said eccentric, con 
nections between said strap and valves, and 
a motor connected with said eccentric to 
revolve the same, change the speed thereof 
and hold the same stationary in the rotation 
of the rotor whereby the speed of the rotor 
may be varied. 

6. In an internal combustion turbine, a 
rotor formed with a series of explosion 
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chambers, reaction nozzles at the outer ends 
of said chambers respectively. stationary 
blades communicating with said nozzles to 
receive the impact of the gases issuing from 
the nozzles whereby the gases may react 
on said nozzles to drive said rotor, means 
for feeding an explosive mixture to said 
chambers, and means for exploding said 
mixture within Said chambers, valves con 
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6. 

trolling communication between said cham 
bers and nozzles respectively, a valve operat 
ing mechanism comprising an eccentric, a 
strap encircling said eccentric, connections 

5' between said straps and valves, and a motor 
connected with said eccentric to revolve the 
same, change the speed thereof and hold the 
same stationary in the rotation of the rotor 
whereby the speed of said rotor may be 

1,315,906 

varied, and mechanism connecting said mix 
ture exploding means with said motor 
whereby the action of the ignition mecha 
nism will be advanced and retarded to vary 
the time of spark in accordance with the 
speed of the engine. - . . 
In testimony whereof I affix my signature. 

THOMAS H. BROCKMAN. 
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