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UNITED STATES PATENT OFFICE 
2,672,953 

DYNAMOMETER WITH BUILT-N BEAT 
EXCHANGER, 

Edwin L. Cline, Pasadena, Calif., assignor to 
Clayton Manufacturing Company, Alhambra, 
Calif., a corporation of California 
Application August 2, 1946, Serial No. 688,004 

57 Claims. (Cl 188-90) 
The present invention relates to hydraulic dy 

namometers or brakes, and more particularly to 
dynamometers or brakes employed as power ab 
SOrption devices and having heat exchange means 
associated therewith for effecting cooling of the 
power absorption fluid. 
More specifically, the invention relates to a 

novel power absorption device including heat ex 
change means arranged in the housing of the de 
vice, whereby the device can be made as an ex 
tremely compact, self-contained unit. The pres 
ent invention contemplates disposing the heat ex 
change means in either the normal working cir 
cuit of a brake or dynamometer (which provides 
an extremely compact unit), or externally of the 
normal working circuit; or where unusually great 
amounts of heat are to be absorbed, disposition 
of the heat exchange means in both the normal 
working circuit and externally of Said Working 
circuit. The invention further contemplates the 
use of any suitable liquid or gas as the power 
absorption fluid, the heat exchange means dis 
closed being adapted to cool both. When a gas, 
such as air, is employed as the power absorption 
fluid, the same can be introduced into the brake 
or dynamometer housing under Super-atmos 
pheric pressure and used alone to absorb loads 
slightly in excess of the normal “windage' load, 
or used with a liquid to effect stability under cer 
tain load conditions, or alone under Sub-atmos- : 
pheric pressure where loads less than the normal 
windage load are to be absorbed, all as fully set 
forth in greater detail in my copending appli 
cation Serial No. 686,346, filed July 26, 1946, Pat 
ent No. 2,634,830, April 14, 1953. The invention 
still further contemplates the use of liquid or 
air as a cooling medium for the power absorp 
tion fluid. 
The principal object of the invention is to pro 

vide a compact power absorption device having 
a built-in heat exchanger of sufficient capacity 
to maintain the power absorption fluid at a de 
sired operating temperature regardless of the 
load. 
Another object of the invention is to provide 

a power absorption device with a built-in heat 
exchanger So associated with the normal work 
ing circuit of said device as to provide a closed 
circulating system for the brake or power ab 
sorption fluid, thereby making it possible to main 
tain any desired constant load without excessive operating temperatures. 
Another object of the invention is to provide 

a hydraulic power absorption device including 
heat exchange means constructed to permit high 
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velocity flow therethrough during all conditions 
of operation of the device so as to maintain the 
air and the liquid in the device in a state of 
thorough mechanical intermixture, whereby to 
maintain a constant load by preventing air from 
collecting in large bodies and at the same time 
effecting efficient cooling of said mixture. 
Another object of the invention is to provide 

a power absorption device having heat exchange 
means disposed within the housing thereof in 
either the normal working circuit of the device, 
or externally of the normal working circuit of 
the device, or in both the normal working cir 
cuit and externally of the normal working circuit 
Of the device. 
A further object of the invention is to provide 

a power absorption device with a heat exchanger 
that can be readily removed for servicing or re 
pairs, if necessary. 
A still further object of the invention is to 

provide a power absorption device having a built 
in heat exchanger and in which all of the parts 
including those of the heat exchanger are hy 
drodynamically balanced to reduce harmonics 
and undue vibration. 
A still further object of the invention is to 

provide a self-contained power absorption unit 
including heat exchange means rendering the 
unit extremely compact, and particularly adapt 
ed for use in installations where Space is at a 
premium, for example, in chassis dynamometers. 
Other objects and advantages of the inven 

tion will be apparent from the following descrip 
tion taken in conjunction with the accompany 
ing drawings, which more or less diagrammati 
cally illustrate several operative embodiments of 
the invention, and in Which: 

Fig. 1 is a vertical sectional view through one 
form of power absorption device or dynamometer, 
taken on the section line - of Fig. 2, and hav 
ing a built-in heat exchanger including trans 
verse tubes disposed in a cooling circuit separ 
rate from the normal working circuit of the 
dynamometer and in a zone outwardly beyond 
the periphery of the rotor; . . . - 

Fig. 2 is a side elevational view of the dy 
namometer shown in Fig. 1, with portions there 
of shown in cross-section as viewed on the stag 
gered section line 2-2 of Fig. 1; 

Fig. 3 is a vertical sectional view through an 
other form of dynamometer taken on the sec 
tion line 3-3 of Fig. 5, and having a remov 
able heat exchanger in a circuit separate from 
the normal working circuit of the dynamometer 
but in a zone coaxial with the rotor; 
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Fig. 4 is an enlarged fragmentary Sectional 
View through one of the cores of the heat ex 
changer shown in Fig. 3; 

Fig. 5 is a side elevational view of the dyna 
mometer shown in Fig. 3, with portions thereof 
shown in cross-section as viewed on the staggered 
section line 5-5 of Fig. 3; 

Fig. 6 is a vertical sectional view through an 
other form of dynamometer taken on the Sec 
tion line 6-6 of Fig. 7, and having a heat eX 
changer disposed in a circuit separate from the 
normal working circuit of the dynamometer and 
including circumferentially extending tubes dis 
posed in a zone outwardly beyond the periphery 
of the rotor; 

Fig. 7 is a Side elevational view of the dyna 
mometer shown in Fig. 6, with portions thereof 
shown in cross-section as viewed on the Stag 
gered Section line 7-7 of Fig. 6; 

Fig. 8 is a vertical sectional view of a dyna 
mometer somewhat similar to that shown in Fig. 
-6, but including a modified form of rotor and 
being taken on the section line 8-8 of Fig. 9; 

Fig. 9 is a side elevational view of the dyna 
mometer shown in Fig. 8, with portions thereof 
shown in cross-section as viewed on the staggered 
Section line 9-9 of Fig. 8: 

Fig. 10 is a vertical sectional view through an 
other form of dynamometer, taken on the Sec 
tion line 0-0 of Fig. 11, and including cir 
cumferentially extending heat eXchange tubes 
disposed in the normal Working circuit of the 
dynamometer; 

Fig. 1 is a side elevational view of the dyna 
mometer shown in Fig. 10, with portions thereof 
shown in cross-section as viewed on the staggered 
section line -f of Fig. 10; 

Fig. 12 is a view partly insection taken on the 
section line 2-2 of Fig. 11 and particularly 
illustrating the path of the power absorption 
fluid with respect to the heat exchange tubes; 

Fig. 13 is a vertical sectional view through an 
other form of dynamometer, taken on the sec 
tion line 3-3 of Fig. 14, including two heat 
eXchangers, One of Which is disposed in the nor 
mal working circuit of the dynamometer and 
the other of which is disposed externally of said 
normal Working circuit, but both functioning to 
cool the same power absorption fluid; 

Fig. 14 is a side elevational view of the dyna 
nometer shown in Fig. 13, with portions thereof 
shown in cross-section as viewed on the staggered 
section line 4-4 of Fig. 13; 

Fig. 15 is a view partly in Section taken on 
the section line 5-5 of Fig. 14; 

Fig. 16 is a vertical sectional view through still 
another form of dynamometer, taken on the Sec 
tion line 6-6 of Fig. 17, including a heat ex 
changer arranged externally of the normal work 
ing circuit of the dynamometer with the tubes 
of the heat exchanger adapted to be air cooled; 

Fig. 7 is a side elevational view of the dyna 
mometer shown in Fig. 16, with a portion there 
of shown in cross-section as viewed on the Sec 
tion line 7-7 of Fig. 16; 

Fig. 18 is a fragmentary sectional view taken 
on the section line 8-f6 of Fig.16; 

Fig. 19 is a vertical Sectional view through an 
other form of dynamometer, taken on the line 
9-9 of Fig. 20, including two removable heat 
exchangers arranged in a cooling circuit exter 
nally of the normal working circuit of the dyna 
mometer; and 

Fig. 20 is a Side elevational view of the dyna 
mometer shown in Fig. 19 with a portion thereof 
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shown in cross-section as viewed on the Section 
line 2-2 of Fig. 19. 

Referring now to Figs. 1 and 2 of the draw 
ings, the dynaiinoineter shown therein comprises 
a housing 28 including two housing Sections 2. 
and 22. The housing sections 2 and 22 include 
stepped, nating surfaces 23 and 24 for axially 
aligning said sections, and bolts 25 pass through 
Said sections to secure the same together. The 
housing sections 2 and 22 are provided with 
openings 26 and 2, respectively, for the recep 
tion of a rotor shaft 28. The shaft 28 is adapted 
to be connected with a prine mover (not shown) 
for absorbing the power developed by said prime 

OWei. 
A bracket 29 is secured to each of the hous 

ing sections 2 and 22 by bolts 30. Each of the 
birackets 23 contains, a ball bearing 33 serving 
as aii anti-friction Inounting for the shaft 28. 
The bearings S are held in the brackets 29 by 
3, dust-excluding, retainer plate 32 fastened to 
the brackets. 29 by bolts. 33. Enclosed within each 
of the brackets 23 is a gland 34 which engages 
packing material 35 Surrounding the shaft 28 to 
preveni, the leakage of fluid fron within the 
housing 2 outwardly along the shaft 28. Screws 
33 are provided for adjusting the gland 34 to 
COi preSS the packing 35 into Sealing relation 
around the Shaft 23. 

Each of the housing Sections 2 and 22 is pro 
vided with an annular pocket 3i, which is sub 
Stantially Seiri-circular or semi-toroidal in radial 
Cr'OSS-Section. Each of the pockets 3 is provided 
with a set of radial vanes 38 which extend com 
pletely therea cross and a second set of radially 
extending vanes 39 is disposed between each two 
adjacent radial vanes 38. A circumferentially 
extending, Substantially semi-circular vortex 
forning Web is disposed between each of the 
vanes 38-39. The vaines 39, as distinguished 
from the vanes 38, do not terminate at their 
inherillost portion in a plane connon with that 
of the inner face of the pocket 3, but on the 
contrary, terminate in an edge & extending an 
gularly from the innermost portion of the Web 
f3, as best shown in Fig. 1. 
A multiplicity of heat exchange tubes 42 is 

arranged transversely in each housing section 
2-22 in a zone disposed outwardly beyond the 
Substantially semi-toroidal pockets 3. The 
tubes 42 are supported at their opposite ends in 
Spaced header walls 43 and 44 that cooperate to 
provide a chamber 45 for cooling liquid, which 
is brought into contact with the exterior surface 
of the tubes 2 in a manner explained herein 
after. The innermost ends of the tubes 42 con 
municate with inlet passages 46 disposed be 
tween vanes 4 formed in the housing sections 
2 and 22 in a vertical plane disposed inwardly 
of the pockets 3 and in alignment with pumping 
pockets 48 formed in a rotor 49. Continuations 
of the Spaces between the stator webs 38 and 39 
form return passages 50 extending from the outer 
ends of the tubes 42 to the semi-toroidal pockets 
3. 
The rotor 49 may be keyed or otherwise suit 

ably Secured to the shaft 28 for rotation there 
With. The rotor 49 may be made in one piece, 
or in tWo. Sections 5, as best shown in Fig. 1. 
The Sections 5 may be secured together in any 
Suitable manner. Each of the sections 51 is pro 
Vided With a substantially semi-toroidal pocket 
52 arranged in confronting relation with one of 
the pockets 37. A set of radial vanes 53 extends 
completely across the pockets 52 and a second 
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set of radial vanes 54 is provided with one of 
said vanes disposed between each two adjacent 
Vanes 53. The vanes 53 and 54 are intercon 
nected by arcuate, vortex-forming webs 55, which 
are disposed in confronting relation with the 
complemental webs 40. The vanes 54, like the 
vanes 3S, terminate at the lower portion thereof 
in an angularly extending edge 58. The object 
of having a portion of the webs 39 and 54 ter 
minate short of the plane of the webs 38 and 
53 is to insure adequate passage area, for the 
brake fluid adjacent the hub portions of the 
housing sections 2 and 22 and the rotor Sec 
tions 5. The vanes 53 and 54 of each of the 
rotor Sections 5 extend outwardly to the peri 
phery of Said sections so that portions thereof 
and the Spaces therebetween form the pumping 
pockets 48, previously referred to. The rotor 
Sections 5 are also provided with registering 
Openings 57, which serve to balance the pressure 
On the opposite sides of the rotor 49. 
The stator pockets 37 and the vanes 38, 39 

and the arcuate vortex-forming WebS 40 co 
Operate with the rotor pockets 52, the vanes 53 
and 54, and the arcuate-vortex forming webs 55 
to form the normal Working circuit for the power 
absorption fluid. Such working circuit assumes 
a generally or substantially toroidal shape, like 
an endless ring, as is well understood by those 
Skilled in the art. However, it is to be under 
stood that the term 'substantially toroidal' is 
not to be construed as limited to a toroidal work 
ing circuit which is truly circular in radial cross 
section, inasmuch as the principles of the in 
vention are applicable to working circuits of 
various cross-sectional shapes, as is evident from 
the numerous embodiments of the invention dis 
closed herein. The pumping pockets 48, passages 
46, tubes 42 and passages 50 provide a cooling 
circuit for the power absorption fluid, the cool 
ing circuit being separate from the normal work 
ing circuit and being adapted to receive power 
absorption fiuid from the working circuit and 
by-pass the same around a portion of said work 
ing circuit. 
In practice, the total number of vanes in each 

housing section 21 and 22 is preferably greater 
than the number of Vanes on each of the rotor 
sections 5. Thus, each housing Section 2-22 
may be provided with a total of eighteen vanes 
made up of nine of the vanes 38 and nine of the 
wanes 39, and the rotor preferably has sixteen 
Vanes consisting of eight Vanes 53 and eight vanes 
54. The purpose of providing a different num 
ber of vanes on the stator or housing 20 from 
the number of vanes on the rotor 49 is to balance 
the diametric hydraulic forces and to prevent 
excessive vibration and harmonics. Also, the 
fewer number of vanes on the rotor 49 provides 
for an increase in the volume of the fluid therein 
equal to the space that would be occupied by 
the width and radial length of two vanes, thereby 
slightly increasing the volume of fiuid that can 
be handled by the rotor 49 as compared with 
the stator 28. This increased volume tends to 
make up for the volume of fluid which by-passes 
the portion of the normal working circuit in the 
stator for passage through the cooling or heat 
exchange circuit. The difference in the number 
of the rotor and stator vanes also reduces the 
magnitude, and increases the frequency, of the 
torque impulses. By using the proper number 
of vanes on the rotor and stator, frequencies 
high enough to be out of a range detrimental 
to the prime mover being tested by the dyna 
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6 
mometer can be reached. Also, a dynamometer 
taking this factor into consideration will provide 
superior and more satisfactory results than One 
designed without consideration of these factors. 
The vanes 47, which direct the brake liquid 

from the pumping pockets 48 into the spaces 46, 
may extend radially inwardly from the housing 
Sections 2 and 22 and may be equal to, but are 
preferably greater in number than, the number 
of vanes employed in the housing Sections 2 
and 22. The object of such arrangement is to 
reduce the individual vane impingement forces 
resulting from the rotation of the rotor 49, there 
by prolonging the life of the vanes 47. If de 
sired, the vanes 47 may be coated with rubber 
(not shown) to further increase their life, de 
pending upon the use for which the dynamometer 
apparatus is intended. 
The housing section 22 is provided with an 

opening 60 having a pipe 6 threaded therein 
containing a valve 62. The pipe 6 is connected 
with a source of brake liquid, preferably Water, 
under pressure, and the valve 62 serves as a load 
ing valve to admit the water into the dynamome 
ter housing 20 to impose the desired load upon 
the engine being tested. The housing section 22 
is also provided With an opening 63 having a pipe 
64 connected therewith containing a valve 65 
which is adapted to be opened to drain brake 
liquid from the housing 20 to reduce the Volume 
of brake liquid in the housing and thus effect un 
loading of the dynamometer. 
One or more of the vanes 38 may be provided 

With a went passage 66 for Wenting air from the 
housing 20, as the brake liquid is introduced 
thereinto. Each of the passages 66 communi 
cates with a vent pipe 67, which is open to the 
atmosphere. Thus, as brake liquid is introduced 
into the housing 29, the air within the housing 
is readily displaced through the vent pipe 67, 
and, as the brake liquid is exhausted or drained 
from the housing, air is admitted through the 
vent pipe 6 to prevent the formation of a vacuum 
condition within the housing 20. 
Water for effecting cooling of the tubes 42 is 

admitted into each of the chambers 45 through 
pipes 68, which communicate with an inlet header 
space 69 in each of the housing Sections 2 f-22. 
The cooling water thus introduced passes over the 
exterior surface of half of the tubes 42, through 
a dummy header space and over the outer 
Surface of the remaining half of the tubes 42 into 
an outlet header Space 7 having a drain pipe 
72 communicating therewith. The dummy header 
70 is located diametrically opposite the headers 
69 and 7 for the purpose of balancing the hy 
draulic forces to reduce forced or reSOnant Vibra 
tion. The header spaces ) and are separated 
by a partition 73. A torque arm 4 can be bolted 
to either side of the housing 25 to yieldably op 
pose rotation thereof, as is well understood. 

In operation, the rotor 49 is revolved through 
the connection of the shaft 28 With the shaft 
whose power is to be absorbed, usually a brake 
shaft or an engine shaft. In order to load the 
dynamometer, the unloading valve 65 is closed 
and the loading valve 62 is opened to introduce 
power absorption fluid, usually Water, into the 
Working circuit of the dynamometer until the 
desired torque load has been reached. ASSuming 
that only a Small Volume of brake liquid has been 
introduced into the housing 20 but not enough to 
fill all of the heat eXchange tubes 2, the rotation 
of the rotor 49 will cause the brake liquid to be 
thrown by centrifugal force from the rotor pockets 
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52 through the pumping pockets 48 into the Spaces 
46 between the vanes 47 for passage through the 
heat exchange tubes 42 and for return to the 
stator pockets 37 through the passages 50. The 
liquid absorbs some power and in doing so be 
comes heated and is cooled by the Water in the 
chambers 45 as said liquid passes through the 
heat exchange tubes 42 for return to the Stator 
and cycling through the cooling circuit. The 
closed circulating and cooling System thus pro 
vided enables a great quantity of brake liquid 
to be circulated at high velocity through a small 
circuit assuring a homogeneous mixture of the 
air and liquid through its entire path of flow and 
also maintains a higher temperature differential 
between the average brake liquid temperature 
and the temperature of the cooling Water paSS 
ing over the outer surfaces of the tubes 42. The 
high velocity of flow maintained through the heat 
exchange tubes 42 by the pumping action of the 
rotor 49 enables the use of a heat exchanger 
having a relatively small heat transfer area for 
a given capacity dynamometer. 

Assunning that it is desired to further increase 
the load, and that the volume of liquid now re 
quired is more than sufficient to fill all of the 
heat exchange tubes, the loading valve 62 is again 
opened until the load has reached the desired 
point and is then closed. The circulation of the 
liquid through the cooling circuits has now 
reached proportions great enough to completely 
fill these circuits, and the excess liquid will then 
circulate through the normal working circuits 
of the dynamometer, being forced outwardly by 
centrifugal force through the spaces between the 
wanes 53 and 54 of the rotor sections 5, acroSS 
the gap between said rotor sections and the stator 
sections 2-22 at the outer peripheral portions 
of said rotor sections and then flowing inwardly 
in the spaces between the vanes 3 and 39 of Said 
stator sections toward the hubs of Said rotor Sec 
tions, to then pass across the gap at said hubs 
and into the spaces between said rotor vanes to 
repeat the circulation cycle. Hence, under such 
load condition, a portion of the brake liquid is 
required to circulate through the working cir 
cuits provided by the semi-toroidal pockets 37 
and 52, and a portion of the liquid is continu 
ously diverted from the working circuits into the 
cooling circuits through the pumping pockets 48. 
The Working circuits provided by the vaned 

chambers S and 52 serve primarily for power ab 
sorption purposes, ina.Sinuch as little power is re 
quired to circulate the brake liquid through the 
heat exchangers. Nevertheless, a sufficient volutine 
of the liquid is continuously diverted for circula 
tion through the heat exchangers to achieve ex 
ceptionally good cooling of the liquid. The torque 
load can, of course, be further increased by in 
creasing the volume of liquid in the dynamometer 
housing 20 until the Working circuit, or the entire 
housing is full. On the other hand, the torque 
loads can be reduced by opening the unloading 
valve 65 to permit the liquid to be pumped from 
the housing 20 by the centrifugal pumping action 
of the rotor 49. The unloading valve 65 can be 
closed whenever it is desired to maintain any 
given reduced load. The selected points within 
the vortex-forming WebS 4) and 55 which are bled 
to the atmosphere by the passages 66 and vent 
pipes 67 permit air to enter said housing during 
unloading of the dynamometer to prevent the 
creation of a vacuum condition therein. The lor 
cation of the passages 66 in either the vanes 37 
or 39 with the inner end of the passages 66 ter 
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8 
minating at the inner edge of said vanes, permits 
rotation of the rotor 49 in either direction, be 
cause then the passages 66 always open at a low 
pressure zone in the dynamometer. 

It is to be noted at this point that, in the actual 
design of dynamometers with built-in heat ex 
changers, certain basic mathematics common to 
the hydraulics of brakes and centrifugal water 
pumps are applicable as well as those relating to 
heat transfer surfaces, etc. In actual practice, 
it has been found that it is desirable to provide 
from 2 to 85% less total area, in the return pas 
sages 50 than in the total internal cross-sectional 
area of either the tubes 42 or the pumping pockets 
48, to insure filling of the heat exchange tubes 42 
as early in the loading operation of the dynamon 
eter as possible. The passages 50, therefore, re 
strict the rate of flow through the heat eXchanger 
to a volume less than the capacity of the rotor 
pumping pockets 48. The relative ratio of the 
areas of the pumping pockets 48 and the return 
passages 50 is dictated by the operational ca 
pacity, speed and power range of a particular 
dynamometer. 

While the vanes 47 forming the passages 46 
and the extended portions of the Vanes 3 and 39 
forming the passages 5 are not absolutely essen 
tial, they are highly desirable inasmuch as they 
contribute to the stability of the dynamometer 
during periods of low horsepower absorption, and 
especially if the dynamometer is disposed so that 
the shaft 23 is in a horizontal position. Again, 
the provision of the dummy header space it op 
posite the headerspaces 69 and is not absolute 
ly essential, but its presence is preferred inas 
much as it serves to maintain equal and also op 
posite hydraulic forces which reduce forced or 
resonant vibration, as previously pointed out. 
While Fig. 2 illustrates two working circuits. 

and two heat exchange circuits externally of said 
Working circuits, it Will be apparent that the 
dynamometer illustrated can be constructed with 
only one of each. Here again, the preference is 
dictated by the particular use to which the dyna 
nonetter is to be put and to other requirements. 

Figs. 3 and 5 illustrate a dynamometer con 
struction. With but one Working circuit for the 
power absorption fluid or brake liquid and One 
cooling or heat exchange circuit arranged exter 
nally of the working circuit, but with the heat 
exchanger itself disposed in general axial align 
ment with the rotor. The advantage of such an 
arrangement is that the overal diameter of the 
dynamometer housing can be maintained at a 
laun. 
Fig. 3 illustrates a dynamometer generally iden 

tified by the numeral 75 comprising a housing 76 
including sections 77 and 8 secured together by 
bolts 79. The housing Section has a recess 8 ) 
formed in the inner surface thereof for the recep 
tion of an annular, removable stator section 8. 
The relative transverse dimensions of the recess 
89 and the stator section 8 are such that, the 
stator section 8 is clamped tightly in place when 
the housing sections 7 and 8 are drawn together 
by the bolts 79. 
The housing section 8 is provided with a sub 

stantially semi-toroidal pocket 32 and a plurality 
of Vanes 33 extending radially across said pocket 
at Spaced intervals. At least one of the vanes 83 
is provided with a transverse passageway 84 conn 
municating with a radially extending passageway 
85 which extends to the outer periphery of the 
housing section 8. A pipe fitting 35 is mounted 
in the housing section 77 so that it communicates 
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with the outer end of the passageway 85. The 
passages 84, 85 and the pipe fitting 86 serve as a 
means for venting air from the interior of the 
housing 76 to the atmosphere. 
The annular stator section 8 is provided at 

its inner periphery with a plurality of axially 
extending vanes 87 disposed radially inwardly of 
the pocket 82 and adjacent a rotor shaft 88, said 
vanes terminating short of the outer periphery of 
said shaft and providing spaces 89 between said 
Vanes. The stator section 8 is further provided 
With passages 90 radially aligned with but dis 
posed outwardly of the spaces between the vanes 
83. The passages 90 and the spaces 89 between 
the vanes 87 constitute a part of the cooling cir 
cuit for the power absorption fluid, as will be 
pointed out in further detail hereinafter. 
The shaft 88 is adapted to be connected with 

another shaft (not shown) whose power is to be 
absorbed. The shaft 83 extends through an 
Opening 9 in the housing section 77 and an 
Opening 92 formed in an elongated hub portion 
93 of the housing section 78. The shaft 88 is 
mounted in ball bearings 94. carried by brackets 
95, respectively, secured to the housing sections 
77 and 78 by bolts 96. Leakage of the brake 
liquid from Within the housing 76 along the shaft 
88 is prevented by conventional packing means 
97 assoociated with each of the housing sections 

and 78. 
The stator Section 8 cooperates with the hous 

ing section 77 to provide a chamber 98 at one 
Side of Said stator section in which a rotor 99 
is disposed. The rotor 99 is secured to the shaft 
88 by a key 00. The rotor 99 is provided with a 
Substantially semi-toroidal pocket f of and a plu 
rality of radially extending vanes 02 extending 
Completely across said pocket in confronting re 
lation with the vanes 83 on the stator section 8 f. 
Here again, the stator section 8 will preferably 
have more vanes than the rotor 99. Thus, the 
Stator Section 8 may have eighteen of the vanes 
83, and the rotor 99 may have sixteen of the 
vanes. 02, the number of vanes varying in ac 
Cordance With the operating requirements of a 
given dynamometer. Incidentally, the number 
of Vanes 87 is half that of the number of vanes 
83, as will be apparent from the sectioned por 
tion in the upper half of Fig. 5. - 
The housing Section 78 (Fig. 3) is shaped to 

provide a Substantially circular coaxial chamber 
03 on the side of the housing section 8 re 
note from the rotor 99. The chamber 103 con 
tains a heat exchanger generally identified by 
the numeral G4. The housing section 78 in 
cludes a peripheral wall portion 05 having a 
plurality of vanes OS extending inwardly there 
from and forming passageways 07 constituting 
extensions of the passages 90 in the stator sec 
tion 8. The hub portion 93 of the housing sec 
tion 78 carries a plurality of outwardly extending 
Vanes 08 providing passageways O9 that con 
Stitute extensions of the passageways 89 formed 
between the vanes 87 of the stator section 8. 
The heat exchanger 04 is disposed in the 

chamber 03 of the housing section 78 between 
the vanes 06 and 98 thereof and includes a plu 
rality of removable, conventional high-heat ex 
change core elements ff0, one of which is shown 
in cross-section on an enlarged scale in Fig. 4. 
The cores ff0 may be considered to be segmental 
and to have the interior space thereof com 
municating with an inlet header (Fig. 5) and 
an outlet header 2. A dummy header 3 is 
disposed diametrically opposite the headers if 
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10 
and 2. The header if has a cold water supply 
pipe 4 connected therewith and the header 2 
has a discharge pipe 5 connected therewith, 
SO that Cooling Water introduced through the 
pipe A flows through the interior of the cores 

and is discharged through the pipe if 5. 
The brake liquid in the brake housing 76 flows 
Over the exterior surfaces of the cores 0 as in 
dicated by the arrows in the lower portion of 
Fig. 3. 
The housing section 78 has a threaded opening 

if 8 connected with a supply pipe f 9 having a 
loading valve 29 connected therein. The other 
housing Section 77 has a threaded opening 2 
having a discharge pipe 22 connected therewith 
and containing an unloading valve 23. As will 
be readily apparent, the loading valve f20 and 
the unloading valve 23 may be manipulated to 
inpOSe any desired torque load to resist rotation 
of the Shaft 88. A torque arm 24 which can 
be mounted on either side of the housing yield 
ably opposes rotation of said housing. 

It Will be understood that upon introduction 
of brake liquid into the housing 76 by opening 
of the loading valve 20, the liquid will find its 
Way from the chamber 03 into the pockets 82 
and f) through the passageways 09 and the 
SpaceS 89 between the vanes 8, due to the pump 
ing action of the rotor 99. The liquid thus 
introduced will, if the volume thereof is sufficient, 
quickly fill the Spaces between the cores ff0 and 
a portion thereof Will be caused to circulate in 
the working circuit formed by the pockets 82- G 
and the vanes 83-92, as indicated by the air 
rOWS, as the rotor 99 rotates. The rotation of 
the rotor 99 necessarily causes a diversion and a 
forced circulation of a portion of the brake liquid 
through the heat exchanger 04. Thus, and as 
indicated by the arrows, a portion of the liquid 
is diverted from the spaces between the vanes 
402 and passes into the passages 90 in the stator 
Section 8 from whence it flows into the spaces 
f07 between the vanes fo6 of the housing sec 
tion 8. The liquid diverted into the passages 
07 passes inwardly across the exterior surfaces 

of the cores 0 to be cooled by the water cir 
culating through the interior of said cores. The 
thus cooled brake liquid passes through the pas 
Sageways 99 between the vanes 08, and then 
flows through the passages 89 between the vanes 
87 and returns to the working circuit at the 
inner portion of the pocket 82, all as indicated 
by the arrows in Fig. 3. Here again, the area of 
the passages 90 is so proportioned with respect 
to that of the passageways 89 that the heatex 
changer O4 is quickly filled and the proper ratio 
of liquid diverted to said heat exchanger with 
respect to that maintained in the working cir 
cuit is such that effective cooling of the liquid is accomplished. 

Usually, the heat exchanger is maintained filled 
With brake liquid and a volume equal to that 
diverted or displaced from the working circuit 
of the dynamometer for cooling by the heat ex 
changer 64 is replaced by an equal volume forced 
Out of the heat exchanger and returned to said 
Working circuit, so that any desired constant 
load can be maintained. 
The arrangement of the heat exchanger shown 

in Fig. 3 has the advantage over that shown in 
Figs. 1 and 2 in that the heat exchange cores 

are made of conventional material and the 
heat exchanger 04 can be readily replaced as 
a unit if desired. A further advantage resides 
in the fact that the heat exchanger 04, being 
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disposed to one side of the rotor 99 and stator 
section 8, instead of in surrounding relation to 
the rotor 99, makes it possible to provide a dy 
nanometer of Substantially reduced maximum 
diameter. While Fig. 3 shows a core-type heat 
exchanger, it is to be understood that the in 
wention is not limited to the use of any particular 
arrangement or type of heat exchanger. 

Figs. 6 and 7 illustrate another dynamometer 
identified by the numeral 25 and provided with 
a heat exchanger circuit arranged outwardly of 
the periphery of the working circuit, as in Figs. 
and 2 but differing therefron in that the rotor 

is devoid of special pumping pockets, but never 
the less not only forces the liquid through the 
Working circuit but also pumps the liquid into 
the heat, exchanger from the Working circuit, 
thereby incorporating the advantages of the con 
struction shown in Figs. 3 and 5. However, the 
Working circuit of the dynamometer 25 is less 
efficient than those previously described, but it 
will be understood that the geometric shape and 
proportions of the working circuit are matters 
of design to meet given operating requirements 
and do not in any way affect the principles of 
separate working and cooling circuits Within the 
concepts of the present invention. 
The dynamometer 25 comprises a housing 26 

including housing Sections 2 and 28 Secured 
together by bolts 29. The housing section 2 
is provided with a Series of radially extending 
vanes. 38 and the housing section 28 is pro 
vided with a Series of radialy 32Xtending Vanes 
3, all of which vanes terminate short of the 

peripheral walls of said housing Sections. A heat 
exchanger 32 is disposed within the housing 
Sections 2 and 28 OutWardly of the ends of 
the vanes 30 and 3. Each of the vanes 30 
and 3 is cut away to provide a recess 34 and 
baffle ring members 35 and 36 are disposed 
in the housing f26 so that they partially extend 
into the recesses 34, the adjacent sides of the 
rings 35 and 36 being separated to permit the 
liquid in the housing to flow into a space 3 
therebetween. 
The heat, exchanger 32 includes an inlet 

header 33 (Fig. 7) connected with a Water Sup 
ply pipe 40. A plurality of circumferentially 
extending tubes 4 communicate at One end 
thereof with the header 39 and extend circum 
ferentially within the housing 26 and terminate 
at their opposite ends in a header 42 having a 
drain pipe 43 connected therewith. A dummy 
header 38 is disposed diametrically opposite tine 
headers 39 and 42. The tubes 4 are main 
tained in spaced relation throughout the pe 
riphery of the housing f 26 by partition mem 
bers 44 radially aligned with the vanes 30 and 
i3 and extending between the outer periphery 
of the baffle rings 35 and 36 and the inner 
side and peripheral walls of the housing Sections 
27, and 28, the exterior surface of the tubes 
4 being exposed to the brake liquid between 

adjacent partitions 44. At least one of each 
of the vanes 30 and i3 is provided with a pas 
sage 45 which communicates with an air vent 
pipe, 46. 
A shaft 47 extends through a hub opening 
48 (Fig. 6) in the housing section 27 and a 
hub opening 49 in the housing section 28. The 
shaft f47 is journalled in ball bearings 5t car 
ried by brackets f 5 secured to the housing Sec 
tions 27 and 28 by bolts 52. Conventional 
packing glands 53 prevent the brake liquid from 
leaking out of the housing i2S along the shaft 
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4. A rotor 54 is secured to the shaft 47 
by a key 55. The rotor 54 includes a circular, 
radially extending web 56. arranged centrally 
thereof and a band 5 is welded or otherwise 
secured to the periphery of the web. 56. Wanes 
58 and 59 arranged upon opposite sides of the 

Web. 56 extend radially outwardly from the hub 
of the rotor to the peripheral rim or band 5. 
It will be noted from Fig. 6. that the baffle rings 
35 and 36 are arranged So that they Straddle 
the gaps between the stator vanes 30-f3 and 
the rotor vanes 58-59, thus requiring tortuous 
circulation of the liquid in passing through the 
heat exchanger 32. 
The housing section i28 has a threaded open 

ing f 6 connected with a supply pipe 6 con 
taining a loading valve 162. The housing Sec 
tions 27 and 28 include an enlargement ar 
ranged to provide a pumping pocket 63 which 
extends below the headers 39 and 42. The 
housing section 27 has a threaded opening 64 
(Fig. 7) communicating with the pocket 63 and 
connected with a drain pipe 65 containing an 
unloading valve 66. A torque arm 6 yield 
ably opposes rotation of the housing 26. 
In the operation of the dynamometer 25 

shown in Figs. 6 and l, brake liquid is admitted 
into the housing 26 upon opening of the loading 
waive 82. The centrifugal action of the rotor 
( 54 causes the liquid thus introduced to be forced 
outwardly between the vanes 58 and 59 and a 
portion thereof is deflected inwardly by the baffle 
rings 3 and 36 so that it flows into the Space 
3 between the adjacent Sides of Said rings and 
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tions if, which prevent circumferential circu 
lation of the brake liquid in the Zone of the tubes 
iii. The iiquid then flows outwardly over the 
tukes and around the outer edges of the bafile 
rings 33 and 36 to be returned to the Working 
circuit of the dynamometer. The liquid not di 
verted for circulation over the tubes 4 of the 
heat exchanger E32 circulates between the Wanes 
139-58 and 3 - 39 in the working circuit of 
the dynamoheter, following the path generally 
indicated by the arrows in Fig. 6, any given drop 
of liquid in the working circuit travelling in a 
spiral path generally corresponding to that of a 
point on a rotating vortex ring. Cooling liquid, 
of course, circulates through the interior of the 
tubes it to cool the brake liquid in the housing 
26 which has been diverted from the working 

circuit to the cooling circuit. The hydraulic 
forces of the liquid within the housing 25 are 
balanced by the dunliny header 38 which is 
disposed diametrically opposite the headers 33 
and 42 in the circulation path of the brake liquid 
outwardly of the working circuit. Unloading of 
the dynamometer 25 to reduce the load absorp 
tion capacity thereof can be effected by Opening 
the unloading valve 66, whereupon the pumping 
action of the rotor i54 will force liquid out of the 
pocket SS for discharge through the pipe 65. 
it will be apparent that the pumping action of 
the rotor 54 also effects forced circulation of a 
portion of the brake liquid over the outer surface 
of the heat exchange tube it to effect efficient 
cooling of all of the brake liquid. 

Figs. 8 and 9 illustrate a dynamometer similar 
to that shown in Figs. 6 and , but, ornitting cer 
tain elements which result in placing the heat 
exchange tubes in the working circuit of the 
dynamoriaeter. Thus, the plate 57 at the periph 
ery of the rotor 54 in Fig. 6 has been omitted in 
Fig. 9, and the baffle rings 35 and 36, together 
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with the recesses 34 in the vanes. 30 and 3, 
have also been Omitted. . 
Accordingly, the dynamometer shown in Fig. 8 

includes two working circuits, one on either side 
of the central web 56, with the heat eXchange 
tubes 4 disposed in the outermost portions of 
said working circuits. 
liquid within the housing 26 is outwardly by 
centrifugal force between the rotor vanes 58 and 
159 on opposite sides of the web 56, then over the 
heat exchange tubes 4 in the spaces between 
the partitions 44, and then in Wardly between the 
stator vanes 30 and 3 toward the hub portions 
of the stator sections 27 and 28, and then 
across the gap between the stator and rotor vanes 
at said hub portions, for recirculation in a man 
ner to repeat the cycle described. 
The dynamometers illustrated in Figs. 6 and 8 

are relatively inexpensive to manufacture, al 
though the working circuits are not as efficient 
as those of the dynamometers shown in Figs. 1. 
to 5 and the noise level and impingement forces 
On the heat exchanger parts are also greater. 
However, these dynamometers can be satisfac 
torily used for certain kinds of load tests. 

Figs. 10 to 12 illustrate another dynamometer 
construction in which the heat exchanger is dis 
posed in the working circuit of the dynamometer 
inwardly of the periphery of the rotor, the work 
ing circuit being much more efficient than the 
working circuit shown in Figs. 6 and 8. Thus, the 
dynamometer f) shown in Figs. 10 to 12 com 
prises a stator or housing fill including sections 
72 and f 13 secured together by bolts f 69. The 

housing Section 72 is provided With a Substan 
tially semi-toroidal pocket 74 having a series of 
spaced vanes 5 extending radially thereacross 
and providing spaces therebetween. Spaces 
identified as 16 and 77 in Fig. 11 are covered by 
a plate 78 which may be welded or otherwise 
Secured to the housing section 72 to prevent 
communication between the Spaces 76 and fl. 
Heat exchange tubes 79 communicate at one end 
with the space 76 and extend circumferentially 
of the pocket 74 and communicate at the oppo 
site end thereof with the space fill. A supplypipe 
80 communicates with the space 76 so that it 

functions as an inlet header and a pipe 8f com 
municates with the space it causing it to func 
tion as an Outlet header. The spaces in the stator 
Section 72 opposite the spaces 76 and 77 are 
identified by the numerals 76a and 77a. These 
spaces are closed by a dummy header 82, which 
Serves to balance the hydraulic forces Within the 
dynamometer and reduce resonance. The vane 
T5 between the spaces 76 and 77a is provided 

with a passage 83 that communicates at one 
end with a passage 84 in the dummy header 82 
and is open to the atmosphere at its opposite 
end through a pipe fitting 85. The interior of 
the dynamometer housing if is thus vented to 
the atmosphere. 
The housing section. T2 has an opening 86 

and the housing section 73 has an opening 87 
through which a dynamometer shaft 88 ex 
tends. The shaft 88 is journalled in ball bear 
ings f89 carried in brackets 90 secured to the 
housing sections 12 and 73 by bolts 9. Con 
ventional packing means 92 associated with the 
housing sections T2 and 73 prevents the leak 
age of brake liquid from the interior of said hous 
ing along the shaft 88. 
A rotor 93 is secured to the shaft 88 by a key 

94. The rotor 93 has a Substantially semi 
toroidal pocket 95 confronting the pocket (14. 

The circulation of the 
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A series of spaced vanes 96 extend radially 
across the rotor pocket 95. It will be noted 
from Fig. 10 that the cross-sectional area of the 
stator pocket 74 is greater than that of the rotor 
pocket 95. The object of this difference in areaS 
is to compensate for the area, occupied by the 
heat exchange tubes a 9 in the stator pocket 
f74, so that the actual area available for the 
flow of brake liquid in the working circuit is 
substantially equal in both the rotor pocket 95 
and said Stator pocket. 
The housing section 3 has a threaded open 

ing 9 communicating with a supply of pipe 
98 having a loading valve 99 connected therein, 
The housing section 2 has a threaded opening 
200 communicating with a drain pipe 2 cl having 
an unloading valve 202 connected therein. The 
valves 99 and 202 may be manipulated to im 
pose any desired torque load upon the shaft f88, 
as will be readily understood. Rotation of the 
housing f l is yieldably opposed by a torque arm 
23, which can be mounted on either side of Said 
housing. Any brake liquid introduced into the 
housing by opening the loading valve 99 will 
quickly find its way into the Working circuit of 
the dynamometer 79. The brake liquid will be 
forced by the rotation of the rotor 93 to follow 
the path generally indicated by the arrows in Fig. 
12. In other words, the brake liquid will travel 
outwardly under centrifugal force in the Spaces 
between the rotor vanes 96 and then inwardly in 
the spaces between the stator vanes 75, thus 
necessarily passing over the heat exchange tubes 

9 to be cooled by the Water circulating there 
through, Thus, Figs. 10-12 illustrate a dyna 
mometer construction in which the heat ex 
changer is disposed in one of the main pockets 
of the working circuit of the dynamometer and 
provides a more compact and more efficient unit 
than those previously described herein. 

Figs. 13 to 15 illustrate a dynamometer Con 
struction including two heat exchangers, with 
one of the heat eXchangers disposed in the nor 
mal Working circuit of the dynamometer as in 
Fig. 10, and the other heat exchanger disposed 
exteriorly of the normal working circuit as in 
Fig. 1. In other words, the dynamometer shown 
in Fig. 13 combines, in a Single unit, the feature 
of a heat exchanger disposed externally of the 
normal working circuit and the feature of a heat 
exchanger within the normal Working circuit. 
Thus, the dynamometer 205 shown in Fig. 13 
comprises a housing 206 including housing sec 
tions 207 and 208 secured together by bolts 209. 
The housing Section 207 is provided with a sub 
stantially semi-toroidal pocket 2 having a 
series of vanes 2 extending radially there 
across. A space 22 between adjacent vanes 2 
serves as an inlet header and a space 22 adja 
cent thereto serves as an outlet header. A plate 
24 covers the spaces 22 and 23 and adapts the 
Same to serve as inlet and outlet headers, re 
spectively. A plurality of circumferentially ex 
tending heat eXchange tubes 2f 5 communicate 
at one end thereof With the inlet header 22 and 
communicate at the opposite end thereof with 
the outlet header 23, said tubes passing through 
all intermediate vanes 2: . A supply pipe 26 
introduces cooling water into the inlet header 22 
and a drain pipe 2 i? serves as a drain for the 
header 23. A dummy header 28 covers dia 
metrically opposite spaces 22 and 23. The 
dynamometer 25 is vented to the atmosphere 
through a hole 29 in the dummy header 28, 
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a passageway 220 in the vane 2 i? between the 
spaces 228 and 2.3a, and a vent pipe 22. 
A heat exchanger 222 is disposed out.Wardly of 

the stator pocket 2 ft and comprising header walls 
223 and 224 providing a chamber 225 for cooling 
liquid., Transverse heat exchange tubes 228 ex 
tending through the was 223 and 224, and across 
the chamber 225. The wanes 2 , renoved from 
the zone of the pockets 22, 23, 2S2 and 23, 
are extended to the wall 223 to provide passages 
227 communicating with the outlet end of the 
tubes 226 for returning cooled brake liquid to 
the working circuit. of the dynamometer. Addi 
tional passageways 223 formed in the housing 
section 23 between vanes 229 adjacent the wall 
224 and defined in part by the housing Section 
268 provide access passages for the brake liquid 
to enter the heat exchange tubes 226. 
A rotor shaft. 230 extends through an opening 

23? in the housing section 287 and through an 
opening 232 in the housing section 288. The 
rotor shaft 230 is supported by ball bearings 233 
carried in brackets 23 Secured to the housing 
sections 207 and 298 by bolts 235. Conventional 
packing means 236 forms a liquid-tight Seai be 
tween the rotor shaft 230 and the housing Sec 
tions. 207 and 208 to prevent leakage of brake 
fluid from the housing along Said Shaft. A 
rotor 237 is Secured to the shaft 23G by a key 238. 
The rotor 237 is provided with a Substantially 
semi-toroidal pocket 239 which confrontS the 
stator pocket 2 C. A series of Vanes 24 ex 
tends radially across the pocket 239, the Spaces 
between the vanes 240 being extended to provide 
pumping pockets 24 disposed in alig?linest With 
the passages 228 in the housing 26. Here again, 
the cross-sectional area of the Statoi pocket 2:3 
is greater than that of the rotor pocket 233 to 
compensate for the volume of the former occu 
pied by the heat exchange tubes 245, so that the 
actual volume available in the Stator 23 for ci". 
culation of the working fluid is Substantially 
equal to that provided by the pocket 233 in the 
rotor 23. 
The chamber 225 of the heat exchanger 222 is 

divided by a partition waii. 242 (Fig. 14) to pro 
vide an inlet header 243 and an Outlet header 
244. Cooling liquid is introduced into the header 
243 through an inlet pipe 235 and cooling liquid 
is drained from the outlet header 243 through 3, 
pipe 246. A dummy header Space 24 is provided 
diametrically opposite the header Spaces 243 and 
244 to balance the hydraulic forces in the 
dynamometer. 
The housing section 208 is provided With a 

threaded opening 248 having a Supply pipe 2S 
connected therewith containing a loading waive 
250. The housing section 23 is provided With a 
threaded opening 25t having a drain pipe 252 
connected therewith containing an unloading 
valve 253, the dynamoinete 295 cain be ig&(Cd 
or unloaded to impose aily desired load on the 
shaft 230 by manipulation of the loading valve 
259 and/or the unloading valve 253. Rotation of 
the housing 206 is yieidably opposed by a torque 
arm 206a, which can be mounted upon either side 
of said housing. 

It will be apparent from the foregoing that, 
any brake liquid introduced into the housing 233 
as a result of opening of the loading valve 230 
will have a portion thereof diverted from the noir 
nal Working circuit of the dyna:nonetter by tile 
pumping pockets 24, which, by centrifugal force, 
will force the diverted liquid into the Spaces 223 
for passage through the heat exchange tubes 223 
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at high velocity and return through the paSSage3. 
227 to the working circuit of the dynagometer. 
Simultaneously, such portion of the liquid a S. l'e- 
mains in the working circuit will be cooled by 
the tubes 25 as it travels at high velocity in a. 
generally circular path, indicated by the arrows, 
and which circular path noves helically and 
circumferentially of the dynamometer, aS is well 
understood. Thus, extremely efficient cooling of 
the brake liquid is effected by the joint action of 
the heat exchanger 222 arranged externally of 
the normal working circuit of the dynamoineter 
2.95 and by the heat exchanger 25 disposed in 
the path of the working circuit of Said dynia 
monetter. 

Figs. 16 to 8, illustrate a dynamometer co 
struction having a heat eXchanger arranged ex 
ternally of the normal working circuit of the 
dynamonetter with the heat eXchange tubes dis 
posed so that cooling is effected by air circulated 
therethrough. The dynamometer 234 shown in 
Fig. 16 comprises a housing 255 including hous 
ing Sections 258 and 25, Secured together loy a 
plurality of boits 258. The housing Section 25 
includes a substantially Semi-toroidal pocket, 259 
having a plurality of vanes 26 extending iradially 
therea, cross. The Spaces between the vanes 23 
are extended to provide return paSSages 23. A 
traity of heat exchange tubes 232 extends 

transversely through the housing Sections 256 
and 23 in a Zone disposed outwardly of the re 
turn paSSages 26 . An annular fiange 263 pro 
jects laterally fron the housing Section 23 in a 
2One beyond the pocket 239 and forms a baffle 
disposed in Wardly of the heat excitange tubes 232. 
One of the Vanes 26 is provided with a passage 
Way 268 coninunicating with a pipe 265 for 
Venting the dynamometer to the atmosphere. 
A rotor Shaft 263 extends through an opening 

26 in the housing section 256 and through an 
Opening 268 in the housing Section. 23. She 
shaft 266 is journalled in ball bearings 263 car 
"ied in brackets 20 Secured to the housing Sec 
tions 256 and 257 by bolts 2 . Teakage along 
the shaft 266 is prevented by conventional pack 
ing means 22 associated with each of the hous 
ing Sections 256 and 25. 
A rotor 23 is secured to the shaft 366 by a 

key 24 and has the major portion thereof dis 
posed within the baffle ring 263. The rotor 273 
is provided with a substantially seni-toroidal 
pocket 2:5 and a series of vanes 2 is extends 
radialily across Said pocket. The Spaces between 
the vanes 276 are continued to the periphery of 
the rotor 273 to provide pumping pockets 2; in 
said rotor. These pockets, as will be noted from 
Fig. 16, are disposed in a zone which is clear of 
the baffle ring 263. 
The housing section 256 has a threaded open 

ing 28 communicating with a supply pipe 279 
having a loading valve 280 connected therewith. 
The housing Section 25 has a threaded opening 
28 communicating with a discharge pipe 283 
having an unloading valve 283 connected therein. 
A blower 285 is provided to force air through 

the heat exchange tubes 262 to effect cooling of 
the brake liquid Surrounding the Same. The 
blower 285 includes concentric casing sections 
286 and 287 arranged to provide an annular 
passageway 288 communicating with one end of 
the heat exchange tubes 262, the opposite end 
of said tubes being open to the atmosphere. The 
casing sections 286 and 287 may be mounted in 
any Suitable or Convenient manner upon the 
housing section 25. The casing Section 286 in 
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cludes a transverse wall 289 disposed adjacent 
One of the brackets 20. The other casing sec 
tion 28 is provided with a large air inlet open 
ing 290. A squirrel-cage type impeller 29 is 
mounted upon the rotor shaft 266 by a key 292 
and is adapted to be driven upon rotation of said 
rotor shaft. The impeller 29 includes vanes 
293 disposed adjacent the periphery of the iniet 
Opening 290. The vanes 293 are arranged so 
that when the impeller 29 is driven, air is drawn 
in through the opening 290 and forced into the 
annular Space 288 and then through the interior 
Of the heat 8xchange tubes 262 for final discharge 
to the atmosphere. Rotation of the housing 255 
is opposed by a torque arm. 255, which can be 
mounted upon either side of said housing. 
The brake liquid admitted into the dynamom 

eter housing 255 upon opening of the loading 
valve 280 is forced in an outward direction by 
the vanes 276 and the pumping pockets 21 of 
the rotor 23 so that it passes over the heat ex 
change tubes 262 adjacent one end thereof in a 
Zone outwardly of the baffle 263. The liquid 
thus diverted from the normal working circuit 
of the dynamometer flows along the heat ex 
change tubes 262 and is returned to said working 
circuit through the passages 26f adjacent the 
Opposite end of Said heat exchange tubes. The 
general path of travel of the liquid while being 
cooled by the tubes 262 is indicated by the arrows 8 
in Fig. 16. The normal working circuit of the 
brake liquid in the pockets 259 and 275 is also 
generally indicated by arrows. Thus, the brake 
liquid is circulated in contact with the outer-sur 
face of the heat exchange tubes 262 by the pump 
ing action of the rotor 273, and cooling of the 
brake liquid is effected by air caused to circulate 
through said heat exchange tubes by the impeller 
29 driven by the rotor shaft 266. 

Figs. 19 and 20 illustrate a dynamometer con 
Struction patterned somewhat after that shown 
in FigS. 1 and 2, but including heat exchange 
unitS that are adapted to be removed for Service 
and cleaning, if necessary, without completely 
dismantling the dynamometer. 

Referring to Fig. 19, the dynamometer is gen 
erally identified by the numeral 300 and includes 
a rotor Shaft 30 adapted to be connected with 
a shaft (not shown) whose power is to be ab 
Sorbed. The shaft 30f includes a tapered en 
largement 302 intermediate its ends upon which 
is mounted a rotor 303 comprising two like rotor 
sections 304. The rotor sections 304 are tapered 
internally to Snugly fit the tapered enlargement 
302, and are secured together and held against 
longitudinal movement relative to the shaft 30 
by bolts 305. A key 306 prevents relative rota 
tion between the rotor Sections 304 and the 
Shaft, 30. ; : . 

The shaft 30 is mounted in ball bearings 307 
received in brackets 308, which are secured to 
housing or stator sections 309 and 310 by bolts 
3. f. The brackets 308 are mounted in self 
aligning roller bearings 32 mounted in cradle 
bracketS 33 Secured to main frame Supports 34 
by bolts 315. A retainer ring 36 is disposed ad 
jacent each of the ball bearingS 30 in the hous 
ing sections 309 and 30 inwardly of the brackets 
308. The retainer rings 3 f6 are each associated 
with a rubber ring 3 7, and a metal ring 318 
forms a seal between the housing sections 309 
and 3 iO and each of the retainer rings 3 f6. A 
carbon sealing ring 39 engages the inner face 
of the rings 317 and an expansible bellows 320 
is disposed between the carbon ring 39 and the 
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adjacent hub portion of the rotor sections 304. 
The bellows 320 urges the carbon ring 39 into 
Sealing engagement with the ring 38 to prevent 
leakage of fluid from within the housing along 
the rotor shaft 30. Any fluid which should 
find its way beyond the ring 39 will be drained 
to the atmosphere through a receSS 32 in the 
housing sections 309 and 3 O. 
The housing Sections. 39 and 3 are Secured 

together at their adjacent ends by bolts 322. 
Each of the housing Sections 39 and 3) is pro 
vided with a substantially Semi-toroidal pocket 
and vanes similar to those shown in Fig. 2. 
Thus, the housing Sections 309 and 30 each in 
cludes a pocket 378, vanes 38 and 39, heat ex 
change tube inlet passages 46a and return pas 
Sages 508. A paSSage 66 extends through one 
of the vanes 38 and communicates with an air 
vent pipe 67a. 
The rotor 303 is also generally similar to the 

rotor 49, in that each of the rotor sections 34 
is provided with a substantially semi-toroidal 
pocket 52, vanes 538 and 54, pumping pockets 
48 and pressure equalizing openings 57 a to bal 
ance the preSSure on the opposite Sides of said 
rotor. 
A removable heat exchange unit generally 

identified by the numeral 323 is mounted in each 
of the housing Sections 389 and 3 in a Zone 
outwardly of the normal Working circuit of the 
dynamometer provided by the pockets 3a and 
528. Each of the heat eXchange units 323 con 
sists of three arcuate sections 324, 325, and 326 
(see Fig. 20). Each of the sections 324, 325 and 
326 comprises a pair of circumferentially ex 
tending rubber headers 32 vulcanized to the 
outer Surfaces of a plurality of copper heat ex 
change tubes 328 at a point adjacent the ends 
of said tubes. Three arcuate, metal clamping 
members 329, each of which carrier transverse 
flanges 330 at the opposite ends thereof, prefer 
ably have a pair of the headers 32 vulcanized 
to the sides thereof. A gasket 33 is disposed 
between adjacent faces of the flanges 330, and 
bolts 332 project through said flanges to clan p 
the arcuate members 329 together to form a cor 
tinuous ring. 
The inner periphery of the rubber headers 

327 is received in grooves 333 (Fig. 19) formed 
in the housing Sections 309 and 30 and forms 
a tight Seal therewith. A seal is formed be 
tween the outer marginal side portion of the 
rubber headers 327 and the adjacent surfaces 
334 of the housing sections 369 and 3 as the 
result of a flowing action produced in the rubber 
headers by the clamping together of the heat; 
exchange segments or sections 324, 325 and 323. 
Thus, a chamber 335 for cooling liquid is formed 
between an Outer peripheral wall 336 of each of 
the housing Sections 39 and 36 and an inner 
peripheral Wall 33 of the clamping sections 329 
and the inner surfaces of the rubber headers 
32, thereby isolating the cooling liquid of the 
heat exchanger from the brake liquid in the 
housing Sections 309 and 30. 
The clamping members 329 of the heat ex 

change sections 324 and 326 include inwardly 
extending flanges 338 (Fig. 20) withich form a 
baffle across the interior of the heat, exchange: 
323. A cold water supply pipe 339 is threaded 
into an opening 340 in the clamping member 
329 of the heat exchange segment 324, and a 
drain pipe 34 is threaded into an opening 38.2 
in the clamping member 329 of the heat, ex 
change segment 326. Thus, cooling liquid intro 
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duced through, the pipe 329 flows circumferera 
itially and progressively passes over the exterior 
surfaces of the heat exchange tubes. 328 in the 
heat exchange segments 324, 325 and 326 and 
finally discharges through the drain pipe 84 f. A 
thermostat valve (not shown) may be connected 
in the pipe 34 f, if desired, to maintain a desired 
temperature in the cooling liquid. 

Each of the housing sections 309 and 30 has 
a, threaded opening 343 connected with a supply 
pipe. 344 having a loading valve 345 connected 
therein. Each of the housing sections 309 and 
30 is also provided with a threaded opening 343 
having a discharge pipe 347 connected therewith 
containing an unloading valve 348. 
A gear 349 (Fig. 19) is keyed to the rotor 

shaft 30 and is adapted to drive a tachometer 
shaft, 350. An arm 3.5? (Fig. 20) is secured by 
bolts 352 to either of two bosses 353 formed on 
the housing Sections 399-30. The torque arm 
35 f is associated with torque measuring means 
(not shown) and yieldably restrains rotary, move 
ment of the dynamometer housing, as is well 
understood in the art. 
The operation of the dynamometer shown, in 

Figs. 19 and 20 is substantially the same as that 
of the dynamometer shown in Figs. 1 and 2. 
That, is to say, brake liquid is introduced into 
the housing sections 309 and 38, through the 
pipes, 344 upon opening of one or both of the 
loading valves, 345. Rotation of the rotor 303 
will cause the liqud first introduced to move out 
wardly through the pumping pockets 489 under 
centrifugal force into the passages 468 for flow 
through the heat exchange tubes. 328. The liquid 
is then returned through the passages. 5a to the 
pockets 37 in the stator sections, 309 and 3. 
from whence it flows into the pockets. 52a in the 
rotor 303 to complete its cycle. The passages 489 
and 50a are so proportioned that the heat ex 
change tubes 328 are substantially filled even dur 
ing low water volume operations. The smaller 
total cross-sectional area of the passages 55.8 
causes the heat exchange: tubes. 328 to became 
filled and the liquid then backs up-filling the pas 
sages 46, and the pumping pockets. 48 so. that all 
liqud in excess of the capacity of the passages 52. 
is caused to pass, from the rotor pocket 52a to 
the stater pocket 37a and follow the normal 
working circuits established by the vanes: in these 
two pockets. Of course, a certain amount of 
liquid is continuously diverted from the working 
circuits to fill the heat exchange tubes 328 to 
be cooled and returned to the working circuit. 
The flow of the liquid through the heat, exchange 
tubes 328 occurs at a very high velocity so that 
With an ample Supply of cooling liquid, a maxi 
num of heat transfer can be extracted flola the 
brake liqud through the copper tubes. 323 to the 
cooling liquid. 

Actual efficiencies as high as 849 B. t. u. per 
heur per square foot per degree temperature 
difference between the liquid to be cooled and 
the cooling liquid has been actually attained in 
practice with certain units. This may be com 
pared With from 100 to 300 B.t. u, per square foot, 
etc., with the best of commercial heat, exchangers. 
The use of heat exchangers with dynamometers 

such as disclosed herein has also made it possible 
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With an extremely Small brake unit. Thus, a 
dynamometer having a single working circuit 
approximately 3' wide and employing a rotor 
of approximately 8 and '4' in diameter has 75 

20 
been Successfully used for continuously adsorb 
ing 200 horsepower at relatively low speeds, 
A dynamometer has also been built following 

the general principles of operation of the devices 
shown in Figs. 6 and 7, which weighs only 90 
pounds complete and Which is capable of absorb 
ing 200 horsepower at speeds, between 1800, and 
4000 ER.P. M. 
While a considerable number of different forms 

and types of dynamometers have been illustrated 
herein, to show the general application of the 
principles of a built-in heat, exchanger to various 
dynamometer constructions, it will be understood 
that the details of construction and the arrange 
ment of the dynamometers, and heat exchangers 
may be varied considerably from that disclosed 
herein, without departing from the spirit of the 
invention or the scope of the annexed claims. 

I claim: 1. A torque absorption device, comprising: a 
housing member and a rotor member in said 
housing member, each having spaces and vanes 
cooperating to provide a substantially toroidal 
working circuit for power absorption fiulid; and 
heat exchange means in one of said members in 
the path of said Working circuit for effecting cool 
ing of said power absorption fluid. 

2. A torque, absorption device, comprising: a 
stator member and a rotor member, each having 
spaces and vanes cooperating to provide a Sub 
stantially toroidal working circuit for power ab 
Sorption fluid; and heat exchange means in one 
of said members out of the path of said working 
circuit and including hollow heat, transfer means 
providing a circuit for the flow of power absorp 
tion fiuid therethrough for effecting cooling of 
said power absorption fluid. 

3. A torque absorption device, comprising: a 
stator member and a rotor member, each pro 
Wided With a Series of Substantially radially ex 
tending Vanes and spaces between said wanes, 
with the vanes and spaces of said stator and rotor 
arranged in confronting relation and forming a 
substantially toroidal working circuit for power 
absorption fluid; and hollow heat exchange 
means in one of said members, adapted to receive 
the flow of power absorption fluid therethrough 
for effecting cooling of said power absorption 
fluid. 4. A torque absorption device, comprising: a 
stator and a rotor, each provided with a series of 
Substantially radially extending Vanes and spaces 
between said Vanes, with the varies and spaces, of 
Said stator and rotor arranged in confronting re 
lation and forming a substantially toroidal work 
ing circuit for power absorption fluid; means for 
introducing power absorption fluid into and for 
withdrawing power absorption fluid from said 
stator section to vary the torque absorption ca 
pacity of said device; and hollow heat exchange 
means in Said stator for effecting cooling of said 
power absorption fluid said heat exchange means 
including heat transfer surfaces arranged so that 
the centrifugal action of said rotor causes, said 
power absorption fluid to fiow through the in 
terior of said heat exchange means in contact 
with said heat transfer surfaces at high velocity. 

5. A torque absorption device, comprising: a 
stator and a rotor, each provided with a series of 
Substantially radially extending vanes and spaces 
between said vanes, with the vanes and spaces of 
said stator and rotor arranged in confronting re 
lation and forming a substantially toroidal work 
ing circuit for power absorption fluid; means for 
introducing power absorption fluid into and for 



2,672,958 
21 

withdrawing power, absorption fluid from said 
stator; hollow heat exchange means disposed in 
said stator for effecting cooling of said power ab 
sorption fluid; and passage means in said stator 
establishing communication between said work 
ing circuit and the interior of said heat exchange 
ea.S. . . . . . . 

6. A torque absorption device, comprising: a. 
stator and a rotor, each having means cooperat 
ing to provide a substantially toroidal Working 
circuit for power absorption fluid; means for in 
troducing power absorption fluid into and for ex 
hausing power absorption fluid from said stator 
to vary the torque absorption capacity of said de 
vice; heat exchange means in said stator ar 
ranged to contact and cool said power absorption 
fluid and including a plurality of heat transfer 
elements; means in said stator forming an inlet 
space within said stator arranged to receive a 
cooling medium for cooling said elements; and 
means in said stator forming an outlet Space With 
in said stator in juxtaposed relation to said inlet 
space for the discharge of said cooling medium 
after it has cooled said elements. 

7. A torque absorption device, comprising: a 
stator and a rotor, each having means cooperat 
ing to provide a substantially toroidal working 
circuit for power absorption fluid; means for in 
troducing power absorption fluid into and for ex 
hausing power absorption fluid from said stator 
to vary the torque absorption capacity of said de 
vice; heat exchange means in said stator ar 
ranged to contact and cool said power absorption 
fluid and comprising a series of heat transfer ele 
ments; means forming an inlet space in said 
stator for receiving a cooling medium to cool said 
elements; means forming an outlet space in said 
stator for discharging said cooling medium after 
it has cooled said elements; and partition means 
in said stator Separating said spaces. 

8. A torque absorption device, comprising: a, 
stator and a rotor, each having means cooperat 
ing to provide a circulation path for power ab 
Sorption fluid; means for introducing power ab 
Sorption fluid into and for exhausting power ab 
Sorption fluid from said stator to vary the torque 
absorption capacity of said device; heat ex 
change means in said stator arranged to contact 
and cool said power absorption fluid and com 
prising a series of heat transfer elements; means 
forming an inlet space in said stator in said cir 
culation path for receiving a cooling medium to 
cool Said elements; means forming an outlet space 
in said stator in said circulation path adjacent 
Said inlet space for discharging said cooling me 
dium after it has cooled said elements; and 
means forming a dummy header space in said 
Stator in Said circulation path disposed substan 
tially diametrically opposite said inlet and outlet 
Spaces, whereby the fluid forces produced in the 
device as a result of flow interruption in said cir 
culation path at said spaces are substantially 
balanced and resonance is reduced to a minimum. 

9. A torque absorption device, comprising: a, 
stator and a rotor, each having means cooperat 
ing to provide a circulation path for power ab 
Sorption fluid; means for introducing power ab 
Sorption fluid into and for exhausting power ab 
Sorption fluid from said stator to vary the torque 
absorption capacity of said device; heat ex 
change means in said stator comprising a series 
of circumferentially extending tubes arranged to 
contact and cool Said power absorption fluid; an 
inlet header in said stator in said circulation path 
communicating with one end of said tubes; an 
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outlet header in said stator in said circulation 
path adjacent said inlet header communicating 
with the opposite end of said tubes; and a dummy 
header in said stator in said circulation path dis 
posed substantially diametrically opposite Said 
inlet and outlet headers, whereby the fluid forces 
produced in the device as a result of flow inter 
ruption in said circulation path at said headers 
are substantially balanced and resonance is re 
duced to a minimum. - 

10. A torque absorption device, comprising: a 
stator and a rotor, each having Spaces and Vanes 
cooperating to to provide a substantially toroidal 
working circuit for power absorption fluid; means 
for introducing power absorption fluid into and 
for exhausting power absorption fluid from said 
stator to vary the torque absorption capacity of 
said device; heat exchange means in Said stator 
out of the path of said working circuit providing 
a circuit for effecting cooling of said power ab 
Sorption fluid; and means for diverting a portion 
of said power absorption fluid tangentially froin 
the peripheral portion of said substantially toro 
idal working circuit for flow through said cool 
ing circuit. 

11. A torque, absorption device, comprising: a 
stator and a rotor, each having pockets and vanes 
cooperating to provide a working circuit for power 
absorption fluid; means for introducing power 
absorption fluid into and for exhausing power ab 
sorption fluid from said stator to vary the torque 
absorption capacity of said device; heat exchange 
means in said Stator disposed in a zone radially 
beyond said pockets and providing a circuit com 
municating with said working circuit for effecting 
cooling of said power absorption fluid; and means 
for diverting a portion of Said power absorption 
fluid from said working circuit for flow through 
said cooling circuit. - - 

12. A torque absorption device, comprising: a 
Stator and a rotor, each having pockets and vanes 
cooperating to provide a substantially toroidal 
Working circuit for power absorption fluid; means 
for introducing power absorption fluid into and 
for exhausting power absorption fuid from said 
stator to vary the torque absorption capacity of 
Said device; and heat exchange means in said 
Stator providing a circuit externally of said work 
ing circuit for effecting cooling of said power ab 
Sorption fluid, Said rotor having vane portions 
providing pumping pockets arranged therein for 
diverting a portion of said power absorption fiuid 
from Said Working circuit and forcing it through 
Said cooling circuit. 

13. A torque absorption device, comprising: a, 
rotor and a stator, each having pockets and vanes 
Cooperating to provide a substantially toroidal 
Working circuit for power absorption fluid; means 
for introducing power absorption fluid into and 
for exhausting power absorption fluid from said 
stator to vary the torque absorption capacity of 
said device; means including a series of tubes in 
Said stator disposed in a zone radially outwardly 
of Said pockets and said working circuit and pro 
viding a cooling circuit communicating with said. 
Working circuit for effecting cooling of said power 
absorption fluid by flow through said tubes. 

14. A torque absorption device, comprising: a 
rotor and a stator, each having means cooperat 
ing with the other to provide a working circuit for 
a power absorption fluid; means including a series 
of tubes in said stator disposed in a zone radially 
outwardly of said rotor and providing a circuit 
communicating with said working circuit for ef 
fecting cooling of said power absorption fluid; 
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and means for diverting a portion of said power 
absorption fluid frona said. Working circuit for 
cooling by said tubes. 

15. A torque absorptio device, connprising: 
housing and rotor Sections; each provided With a 
Series of Substantially radially extending varies 
and spaces between said vanes, with the vanes 
and spaces of said housing, and rotor Sections ar. 
ranged in confronting. relation and forraing; a 
Substantially toroidal working circuit for a power it 
absorption fluid; and a heat exchanger in Said 
housing section arranged in substantially conceri 
tric relation with Said rotor. Section and including 
means providing heat transfer Surfaces, said 
housing Section having Separate: inlet, and return 
passage means formed therein for follow of power 
absorption, fluid therethrough and serving to 
establish communication between said working. 
circuit and Said heat exchanger. 

16. A torque absorption device, comprising: a 20 
housing and a rotor. in said housing, each pro-" 
Wided With a Series of Substantially radially ex 
tending vanes and Spaces between said vanes, 
with the Vanes and Spaces of said housing and 
rotor arranged in confronting relation and form 
ing a Working circuit for a power absorption 
fluid; With means. Cooperating with the other 
to provide a working circuit for a power absorpts 
tion fluid; a heat. exchanger and heat, exchange 
means in said housing including. heat transfer {{ 
Surfaces, Said housing hiaving, paSSage nearls 
establishing communication between said work 
ing circuit and said heat. exchange rileans, said: 
passage means being proportioned to conistrict. 
flow, beyond said heat. exchange: means and 
thereby effect rapid-filling of said heat exchange 
neaS. 17. A torque: absorption device, comprising: 
housing and rotor sections, each provided in said 
housing section arranged in substantially coin 
centric relation with said rotor section and in 
cluding means providing heat-transfer surfaces; 
said housing section having' passage means es 
tablishing communication between said Work 
ing circuit and said heat exchanger; and means' 45. 
for diverting power absorption fluid from said 
working circuit for flow in contact with said 
heat transfer surfaces of said heat exchanger. 

18. A torque absorption device, comprising: 
housing and rotor sections, eachi provided with 
a series of substantially radially extending varies 
and spaces between said vanes, with the vanes 
and spaces of the housing and rotor sections 
arranged in confronting relation and forming 
a substantially toroidal working circuit for power 
absorption fluid; means for introducing power" 
absorption fluid into and for exhausting power 
absorption fiuid from said housing. Section to 
vary the torque absorption capacity of said de 
vice; and a heat exchanger arranged in sub 
stantially concentric relation. with saids rotor 
section, and including: axially spaced' circumfero 
entially, extending. header walls: and transverses." 
ly extending, tubes-having their ends disposed iri. 
Said walls, said housing section having passager 
means for the flow of said power absorption fluid. 
from said -working circuit into.contact with arid 
through said tubes., 

19. A torque: absorption, device; comprising: 
housing and rotor. Sections, eachi provided with: 
a series of substanitially radially extending. vanes: 
and spaces between said varies, with the vaness 
and spaces, of the housing: arid rotor. Sections: 
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a working circuit for power absorption fluid; 
means for introducing power absorptioni filiid 
into' and for exhausting power absorption fluid 
from said housing section to vary the torqué 
absorption capacity of said device; an i.eat 
exchanger arranged in substantially concentric 
relation with said rotor section and including 
circumferentially extending header walls and 
transversely extending tubes having their ends 
disposed in said walls; said housing section have 
irig passage means: establishing commi b 
between said working circuit and the ends of 
said tubes. 20. A torque absorptibn device comprising: 

a series of substantially radially extending vanes 
and spaces between said vanes, with the vanes 
and spaces of the housing and rotor sections 
arranged in confronting relation and forming a 
working circuit for power absorption fiuid; 
means for introducing power absorption fluid 
into and for exhausting power absorption fluid 
from said housing section to vary the torque' 
absorption capacity of said device; and a heat 

5 exchanger arranged in substantially concentric 
relation with said rotor section and including 
circumferentially extending header walls and 
transversely extending tubes having their ends 
disposed in said walls, said housing section hav 
ing passage means formed by extensions of the 
spaces between the vanes thereof establishing 
communication between said working circuit 
and at least one of the ends of said tubes. 21. A torque absorption device, comprising: a 
stator and a rotor, each having means cooperat 
ing to provide a working circuit for power ab 
sorption fluid; means for introducing power ab 
sorption fluid into and for exhausting power 
absorption fluid from said stator to vary the 
torque absorption capacity of said device; heat 
exchange means in said stator comprising heat 
transfer elements arranged in generally concen 
tric fashion relative to said rotor and providing 
a cooling circuit externally of said working cir 
cuit; and means interconnecting said cooling 
circuit and working circuit at spaced zones lo 
cated substantially throughout the circumfer 
ential extent of saidworking circuit. 22. A torque absorption device, comprising: 

) stator and rotor sections, each having pockets and 
vanes cooperating to provide a substantially 
toroidal working circuit for power absorption 
fluid; means for introducing power absorption. 
fijid into and for exhausting power absorption 

5 fluid from said stator section to vary the torque absorption capacity of said device; heat exchange 
means in said stator section disposed in a Zone 
radially beyond the periphery of said rotor section 
and comprising a series of tubes; and means 
within said stator section separating said working 
circuit from said heat exchange means-and pro 
viding passage, means for conducting power-ab 
sorptioi fluid from said working circuit into-con 
tact with said tubes. 23. A torque absorption device, comprising: 
stator and rotor sections, each having pockets 
and vanes cooperating to provide a working cir 
cuit for power absorption fluid; means for in 
troducing power absorption fiuid into and for ex 

70 hausting power absorption fluid from said stator 
section to vary the torque absorption capacity of 
said device; heat exchange means in said stator 
section disposed in a zone radially beyond the 
periphery of said rotor section and comprising a 

arranged in confronting relational aaa. formiisg.s series of tubes; and baile means disposed between 
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the innermost of said tubes and the outer pe 
riphery of said rotor section for directing circu 
lation of the power absorption fluid into contact 
with Said tubes. 

24. A torque absorption device, comprising: 
stator and rotor sections, each having pockets and 
vanes cooperating to provide a working circuit 
for a power absorption fluid; heat exchange 
means in said stator section disposed in a ZOne 
radially beyond the periphery of Said rotor sec 
tion and comprising a series of circumferentially 
extending tubes; an inlet header communicating 
with one end of said tubes; an outlet header com 
municating with the opposite end of said tubes: 
and baffle means disposed between the innermost 
of said tubes and the outer periphery of Said rotor 
section for directing circulation of the power ab 
sorption fluid over the exterior surface of Said 
tubes. 

25. A torque absorption device, comprising: 
a rotor and a stator, each provided with a sub 
stantially semi-toroidal pocket and vanes forming 
a working circuit for power absorption fluid; 
means for introducing power absorption fluid into 
and for exhausting power absorption fluid from 
said stator to vary the torque absorption capac 
ity of said device; and heat exchange means dis 
posed in one of said pockets for effecting cooling 
of said power absorption fluid while it is moving 
through said working circuit. 

26. A torque absorption device, comprising: 
rotor and stator sections, each provided with a 
pocket and vanes disposed in said pockets con 
fronting each other and forming a Working cir 
cuit for power absorption fluid; means for in 
troducing power absorption fluid into and for ex 
hausting power absorption fluid from said stator 
section to vary the torque absorption capacity of 
said device; and heat exchange means disposed 
in the pocket of said stator section for effecting 
cooling of said power absorption fluid While it is 
moving through said working circuit. 

27. A torque absorption device, comprising: 
a rotor and a stator, each provided with a sub 
stantially semi-toroidal pocket and Vanes form 
ing a working circuit for power absorption fluid; 
means for introducing power absorption fluid into 
and for exhausting power absorption fluid from 
said stator to vary the torque absorption capac 
ity of said device; heat exchange means includ 
ing a plurality of tubes disposed in the pocket of 
said stator for effecting cooling of said power ab 
sorption fluid while it is moving through said 
working circuit; an inlet header in the pocket of 
said stator communicating with one end of said 
tubes; and an outlet header in the pocket of Said 
stator communicating with the opposite end of 
Said tubes. 

28. A torque absorption device, comprising: 
a rotor and a stator, each provided with a sub 
stantially semi-toroidal pocket and vanes form 
ing a working circuit for power absorption fluid; 
means for introducing power absorption fluid into 
and for exhausting power absorption fluid from 
said stator to vary the torque absorption capacity 
of said device; heat exchange means including a 
plurality of tubes disposed in the pocket of said 
stator for effecting cooling of said power absorp 
tion fluid while it is moving through said working 
circuit; an inlet header in the pocket of said sta 
tor communicating with one end of said tubes; an 
outlet header in the pocket of said stator ad 
jacent Said inlet header communicating with the 
Opposite, end of said tubes; and a dummy header 
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in said stator disposed substantially diametrically 
opposite said inlet and outlet headers. 

29. A torque absorption device, comprising: 
a stator and a rotor, each provided with a Sub 
stantially semi-toroidal pocket and Vanes co 
operating to form a working circuit for power 
absorption fluid; means for introducing power 
absorption fluid into and for exhausting Said 
power absorption fluid from said stator to vary 
the volume of fluid and, hence, the torque ab 
sorption capacity of said device; and heat ex 
change means disposed in the pocket of said 
stator for effecting cooling of said power ab 
Sorption fluid while it is moving through said 
working circuit, the effective radial cross-sec 
tional area of the pocket in said Stator Section 
for the passage of said power absorption fluid 
being Substantially equal to the radial cross 
sectional area of the pocket in said rotor section. 

30. A torque absorption device, comprising: 
stator and rotor Sections, each provided with a 
Substantially Semi-toroidal pocket and vanes co 
operating to form a working circuit for power 
absorption fluid; means for introducing power 
absorption fluid into and for exhausting said 
power absorption fiuid from said stator section 
to vary the Volume of fluid and, hence, the torque 
absorption capacity of Said device; and a plu 
rality of heat exchange tubes disposed in the 
pocket of said stator section for effecting cooling 
of Said power absorption fluid while it is moving 
through said working circuit, the total radial 
cross-sectional area of the pocket in said stator 
Section minus the radial cross-sectional area of 
Said pocket occupied by Said heat exchange tubes 
being substantially equal to the radial cross 
Sectional area of the pocket in said rotor section, 
whereby the volume of the portion of the working 
path in Said stator Section is substantially equal 
to the volume of the portion of the working path 
in Said rotor. Section. 

31. A torque absorption device, comprising: 
rotor and housing sections, each provided with a 
Substantially Semi-toroidal' pocket and vanes 
forming a working circuit for power absorption 
fluid; means for introducing power absorption 
fluid into and for withdrawing power absorption 
fluid from said stator section to vary the torque 
absorption capacity of said device; heat ex 
change means disposed in said pocket of said 
housing section for effecting cooling of said 
power absorption fluid while it is moving through 
Said working circuit, the effective radial cross 
Sectional area of the pocket in said housing sec 
tion for the passage of said power absorption 
fluid being substantially equal to the radial cross 
Sectional area of the pocket in said rotor section; 
heat exchange means providing a cooling circuit 
for Said power absorption fiuid externally of said 
Working circuit; and means establishing com 
munication between said pocket of said housing 
Section and said last-mentioned heat exchange 
feaS. 

32. A torque absorption device, comprising: 
a stator and a rotor in said stator, each provided 
with a Series of Substantially radially extending 
Vanes and Spaces, between said vanes, the vanes 
and Spaces of Said stator and rotor being arranged 
in confronting relation and forming a working 
circuit for power absorption fluid; a rotor shaft 
rotatably mounted in said stator, said rotor be 
ing Secured to said rotor shaft; means for intro 
ducing power absorption fluid into and for ex 
hausting power absorption fluid from said stator 
to vary the torque absorption capacity of said. 
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device; heat eXchange means including a Series 
of tubes arranged transversely of Said statDr in 
a Zone radially outwardly of said rotor for ef 
fecting cooling of Said power absorption fluid; 
means for diverting a portion of Said power ab 
sorption fluid from said working circuit for flow 
in contact with one surface of said tubes; and 
means for bringing a cooling medium into con 
tact With another Surface of Said tubes. 

33. A torque absorption device, comprising: 
a stator and a rotor in said stator, each provided 
with a Series of Substantially radially extending 
Vanes and Spaces between said vanes, the varies 
and spaces of said stator and rotor being air 
ranged in confronting relation and forming a 
substantially toroidal working circuit for power 
absorption fluid; a rotor shaft rotatably mount 
ed in Said stator, said rotor being Secured to said 
rotor shaft; means for introducing power ab 
Sorption fluid into and for exhausting power ab 
Sorption fluid from said stator to vary the torque 
absorption capacity of said device; heat ex 
change means including a series of transverse 
tubes extending through said stator in a zone 
radially outwardly of said rotor and providing a 
circuit communicating with said working circuit 
for effecting cooling of said power absorption 
fluid; means for diverting a portion of said power 
absorption fluid from Said working circuit for 
flow over the exterior surface of said tubes; a 
rotatable blower element mounted upon said ro 
tor Shaft; and a Casing arranged to receive air 
from Said blower element and to direct the same 
to one end of said tubes for passage through said 
tubes. 

34. A torque absorption device, comprising: 
rotor and stator sections, each having spaces and 
Vanes COOperating to provide a substantially to 
roidal Working circuit for power absorption fluid; 
means for introducing power absorption fluid 
into and for exhausting power absorption fluid 
from Said stator section to vary the torque ab 
Sorption capacity of said device; a detachable 
heat exchanger Surrounding said rotor and in 
cluding a plurality of arcuate sections, each con 
prising circumferentially extending arcuate 
headers and a plurality of laterally extending 
tubes Secured at their ends in said headers; means 
Securing Said arcuate sections of said heat ex 
changer in assembled relation; and means es 
tablishing communication between said working 
circuit and the ends of said tubes. 

35. A torque absorption device, comprising: 
rotor and Stator sections, each having spaces and 
Vanes cooperating to provide a substantially to 
roidal working circuit for power absorption fluid; 
means for introducing power absorption fuid 
into and for exhausting power absorption fluid 
from said stator section to vary the torque ab 
Sorption capacity of Said device, said stator sec 
tion being provided with a recess disposed in a 
Zone radially outwardly of said pockets; a re 
Inovable heat eXchanger disposed in said recess 
alld including a plurality of arcuate-sections, each 
Comprising circumferentially extending headers 
and a plurality of laterally extending tubes se 
cured at their ends in said headers; and means 
Securing said arcuate Sections of said heat ex 
changer in a SSembled relation around said stator 
Section, Said stator Section having passage means 
establishing communication between said work 
ing circuit and the ends of said tubes. 

36. A torque absorption device, comprising: 
rotor and stator Sections, eachihaving spaces and 
vanes cooperating to provide a substantially to 
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roidal working circuit for power absorption fluid; 
means for introducing power absorption fluid 
into and for exhausting power absorption fluid 
from said stator section to vary the torque ab 
sorption capacity of said device, said stator sec 
tion being provided With a recess including side 
Walls and a bottom wall disposed in a Zone radi 
ally outwardly of said pockets; a detachable heat 
exchanger disposed in said recess and including 
a plurality of arcuate Sections, each comprising 
circumferentially extending rubber headers and 
a plurality of laterally extending tubes vulcan 
ized at their ends in said headers; and clamp 
ing means Securing said arcuate sections of said 
heat exchanger in assembled relation, with the 
inner periphery of said headers sealingly engag 
ing said bottom wall of said recess, said rubber 
headers being adapted to be compressed at the 
outer marginal portion thereof into sealing en 
gagement With the Side Walls of said recess to 
form a seal thereWith, said stator section having 
passage means establishing communication be 
tWeen Said. Working circuit and the ends of Said 
tubes. -37. A torque absorption device, comprising: 
stator and rotor sections, each having pockets 
and vanes cooperating to provide a working cir 
cuit for power absorption fluid, said stator hav 
ing means providing a circulation path for cool 
ing Said power absorption fluid; means for in 
troducing power absorption fluid into and for 
exhausting power absorption fluid from said 
stator section to vary the torque absorption ca 
pacity of Said device; heat exchange means in 
Said Stator Section disposed in a ZOne radially 
beyond the periphery of said rotor Section and 
comprising a series of circumferentially extend 
ing tubes arranged to contact and cool Said power 
absorption fluid; an inlet header in said circula 
tion path communicating With one end of said 
tubes; an outlet header in said circulation path 
adjacent said inlet header communicating With 
the opposite end of said tubes; and a dummy 
header in Said circulation path in said stator sec 
tion diametrically opposite said inlet and outlet 
headers, whereby the fluid forces produced in the 
device as a result of flow interruption in said 
circulation path at said headers are substantially 
balanced and resonance is reduced to a minimum. 

38. A torque absorption device, comprising: 
stator and rotor sections, each having spaces and 
Vanes Cooperating to provide a working circuit 
for power absorption fluid; means for introduc 
ing power absorption fluid into and for exhaust 
ing power absorption fluid from said Stator Sec 
tion to vary the torque absorption capacity of 
said device; heat exchange means in said stator 
section disposed in a zone radially beyond the 
periphery of Said rotor section and comprising 
a series of circumferentially extending tubes ar 
ranged to contact and cool said power absorp 
tion fluid; an inlet header communicating with 
one end of said tubes; an outlet header com 
municating with the opposite end of said tubes; 
and a Series of partitions in said stator section 
arranged transversely with respect to said tubes 
for retarding circumferential circulation of said 
power absorption fluid relative to the exterior 
Surface of Said tubes. 

39. A torque absorption device, comprising: 
stator and rotor Sections, each having Spaces and 
vanes cooperating to provide a working circuit 
for power absorption fluid; means for introduc 
ing power absorption fluid into and for exhaust 
ing power absorption fluid from said stator sec 
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tion to vary the torque absorption capacity of 
said device; heat exchange means in said stator 
section disposed in a zone radially beyond the 
periphery of said rotor section and comprising a 
Series of circumferentially extending tubes ar 
ranged to contact and cool said power absorption 
fluid; an inlet header communicating with one 
end of Said tubes; an outlet header adjacent Said 
inlet header communicating with the opposite 
end of said tubes; a dummy header in said stator 
section diametrically opposite said inlet and 
outlet headers; and a Series of partitions in Said 
stator section arranged transversely with respect 
to said tubes for preventing circumferential cir 
culation of Said power absorption fluid relative 
to the exterior Surface of Said tubes. 

40. A torque absorption device, comprising: a 
housing, a rotor section and a removable stator 
Section in said housing, said stator and rotor 
Sections each having pockets and vanes coop 
erating to provide a working circuit for power 
absorption fluid; means for introducing power 
absorption fluid into and for exhausting power 
absorption fluid from said housing to vary the 
torque absorption capacity of said device; heat 
exchange means disposed in Said housing on the 
side of said stator section remote from said rotor 
Section, said stator section having laterally ex 
tending passage means formed therein cooperat 
ing With Said heat exchange means for providing 
a cooling circuit externally of said working cir 
cuit for effecting cooling of Said power absorption 
fluid. 

41. A torque absorption device, comprising: a 
hollow housing, a rotor section, a stator Section 
and a heat eXchanger Section arranged side by 
side in said housing in the order named, the 
adjacent faces of said rotor and stator sections 
each being provided with a substantially semi 
toroidal pocket and vanes cooperating to pro 
vide a working circuit for power absorption fluid; 
and means for introducing power absorption fluid 
into and for exhausting power absorption fluid 
from said housing to vary, the torque absorption 
capacity of said device, said stator Section hav 
ing two sets of transverse passages formed there 
in, With One set arranged in Wardly of and the 
other radially beyond the semi-toroidal pocket 
thereof, said housing also including channels 
forming continuations of said passages and com 
municating with passageways in Said heat ex 
changer, Said passages, channels and passage 
ways forming a circuit for effecting cooling of 
Said power absorption fluid. 

42. A torque absorption device, comprising: a 
hollow housing; a rotor section, a stator section 
and a heat exchange section arranged side by 
side in said housing in the order named, the 
adjacent faces of Said rotor and stator Sections 
each being provided with a substantially semi 
toroidal pocket and vanes cooperating to pro 
vide a working circuit for power absorption fluid; 
means for introducing power absorption fluid 
into and for exhausting power absorption fluid 
from said housing to vary the torque absorp 
tion capacity of said device, said stator section 
having two sets of passage means formed there 
in With one set arranged inwardly of and the 
other radially beyond the semi-toroidal pocket 
thereof, Said housing also including channels 
forming continuations of said passage means 
and communicating with passageways in: said 
heat exchanger, said passage means, channels 
and passageways forming a circuit for effecting 
cooling of Said power absorption fluid, said sub 
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stantially semi-toroidal pocket in said rotor sec 
tion being wider radially than said substantially 
semi-toroidal pocket in said stator section, where 
by to facilitate the diversion of power absorption 
fluid from Said working circuit to said cooling 
circuit and the return thereof to said working 
circuit. 

43. A torque absorption device, comprising: 
rotor and housing sections, each provided with 
Spaces and vanes forming a working circuit for 
power absorption fluid; means for introducing 
power... absorption fluid into and for withdraw 
ing power absorption fluid from said housing 
Section to vary the torque absorption capacity 
of said device; heat exchange means disposed 
in the Spaces of said housing section for effect 
ing cooling of said power absorption fluid while 
it is passing through said working circuit; heat 
exchange means providing a cooling circuit for 
said power absorption fluid externally of said 
working circuit; and means establishing com 
munication between said spaces and said last 
mentioned heat exchange means. 

44. A torque absorption device, comprising: 
stator and rotor sections, each having pockets 
and Vanes cooperating to provide a working cir 
cuit for power absorption fluid; means for intro 
ducing power absorption fluid into and for ex 
hausting power absorption fluid from said stator 
Section to vary the torque absorption capacity 
of Said device; heat exchange means in said 
stator section disposed in a zone radially beyond 
the periphery of said rotor section and compris 
ing a series of circumferentially extending tubes: 
an inlet header within said stator communicat 
ing with one end of said tubes; means for intro 
ducing a coolant into said inlet header; an outlet 
header within said stator communicating with 
the opposite end of said tubes; means for drain 
ing coolant from said outlet header; partition 
means maintaining said tubes in Spaced relation 
to each other; and means forming a peripheral 
rim on said rotor section disposed between the 
innermost of said tubes and the outer ends of 
said rotor vanes for deflecting a portion of the 
power absorption fluid for circulation over the 
exterior surface of said tubes. 

45. A torque absorption device, comprising: a 
stator Section having opposed side walls; a rotor 
section in said stator section, said rotor and 
stator sections each having pockets and vanes 
cooperating to provide a working circuit for 
power absorption fluid; means for introducing 
power absorption fluid into and for exhausting 
power absorption fluid from said stator section 
to vary the torque absorption capacity of said 
device; heat exchange means in said stator sec 
tion disposed in a zone radially beyond the pe 
riphery of said rotor section and comprising a 
series of circumferentially extending tubes; an 
inlet header extending transversely within said 
stator section communicating with one end of 
said tubes; a Supply pipe connected to one end 
of said inlet header for introducing a cooling me 
dium into said inlet header; an outlet header 
extending transversely within said stator con 
municating with the opposite end of said tubes; 
and a drain pipe connected to one end of said 
outlet header for draining said cooling medium 
from said outlet header. 

46. A torque absorption device as defined in 
claim 45, including partition means maintaining 
the tubes in spaced relation to each other, and 
wherein the supply pipe extends through one side 
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wall of the stator and the drain pipe extends 
through the other side wall of the stator. 
4. A torque absorption device, comprising: 

housing means; a rotor in said housing Ileans, 
said rotor and housing means having pocketS 
and vanes confronting each other and cooperat 
ing to provide a working circuit for power absorp 
tion fluid; means for introducing power abSOrp 
tion fluid into and for exhausting power abSOrp 
tion fuid from said housing means to vary the 
torque absorption capacity of said device; and an 
annular heat exchanger in said housing means 
spaced from said rotor, said housing means hav 
ing passageways separate from and exteriorly of 
said working circuit for establishing communi 
cation between said working circuit and Said 
heat eXchanger. 

5 

'48. A torque absorption device, comprising: a 
stator and a rotor, each having pockets and vanes 
cooperating to provide a working circuit for 
power absorption fiulid; means for introducing 
power absorption fluid into and for exhausting 
power absorption fluid from said stator to vary 
the torque absorption capacity of Said device; 
and heat exchange means in said Stator disposed 
radially beyond the periphery of said rotor for 
effecting cooling of said power absorption fluid, 
said rotor having peripheral openings for the 
flow of power absorption fluid from said Working 
circuit to said heat exchange means. 

49. A torque absorption device as defined in 
claim 48, in which the heat exchange means in 
cludes tubes and the peripheral Openings in the 
rotor divert power absorption fluid from the 
working circuit for flow in contact with said 
tubes. 

50. In a Froude type dynamometer, a resist 
ance-liquid-containing stator casing and a rotor 
therein, the stator and rotor being complemen 
tally radially vaned to produce toroidal circula 
tion of the resistance liquid, and a coolant liquid 
filled conduit within the casing located in the 
toroidal circulation path of at least part of the 
resistance liquid. 

'51. In a Froude type dynamometer, a Stator 
casing defining a chamber for the reception of 
resistance liquid, and a rotor in Said chamber; 
each of the stator and rotor having means co 
operating with like means of the other to provide 
a substantially toroidal resistance liquid circuit, 
to absorb power; a heat exchanger Within the 
stator chamber disposed circumferentially about 
the periphery of the rotor to be immersed in 
resistance liquid which is centrifugally flung from 
such rotor; and an inlet to and an outlet from 
said heat exchanger, for circulation through the 
latter of a coolant fluid, out of communication 
with the resistance liquid, to cool the latter. 

52. A torque absorption device, comprising: 
stator and rotor sections, each having means co 
operating with the other to provide a Working 
circuit for a power absorption fluid; heat ex 
change means in said stator section disposed in a 
zone radially beyond the periphery of Said rotor 
section and comprising a series of circumferen 
tially extending tubes; an inlet header communi 
cating with one end of said tubes; an outlet header 
communicating with the opposite end of Said 
tubes; and baffle means in said stator Section ar 
ranged to direct circulation of power absorption 
fiuid from said rotor over the exterior surface of 
said tubes. 

53. In a Froude type dynamometer, a Vaned 
stator casing adapted to contain resistanceligiids 
a vained rotor in said stator; and heat exchange 
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conduit neas disposed Within the Stator casing 
circumferentially about the rotor, Said conduit 
means being adapted to have a coolant liquid foW 
in contact with one Surface thereof, said rotor 
having means for directing at least part of the 
resistance liquid for contact With another Sur 
face of Said conduit means prior to its rejoining 
the remainder thereof, for transfer of heat from 
the resistance liquid to the coolant liquid. 

54. In a Froude type dynamometer, a vaned 
Stator casing adapted to contain a resistance 
liquid; a waned rotor in said stator Cooperating 
with said stator to provide a toroidal circulation 
path for resistance liquid, a heat exchanger in 
cluding conduit means disposed Within the Stator 
Casing OutWardly of the rotor's periphery; and 
means to direct at least a portion of the resist 
ance liquid into contact With Said. Conduit means 
for heat. exchange therebetWeen; and means in 
said Stator to induce foW of resistance liquid, 
after being thus cooled, away from said conduit 
means, and into the toroidal circulation path. 
55. In a Froude type dynamometer, a Vaned 

stator casing adapted to contain resistance liquid, 
heat exchange conduit means disposed about the 
rotor's periphery, but within the casing, the rotor 
having a plurality of Spaced, peripheral liquid 
discharge apertures directed towards Said conduit 
eans for discharge of a portion. Only of the Cir 

culating resistance liquid for contact With Said 
conduit means for extraction of heat from Such 
resistance liquid. 

56. In a Froude type dynanometer, a Vaned 
stator casing adapted to contain resistance liquid; 
a warned rotor in Said stator; heat eXchange Con 
duit means disposed about the rotor's periphery 
in radially Spaced relation thereto, but Within the 
casing, the rotor having a plurality of liquid dis 
charge apertures Spaced about its periphery, and 
directed towards said conduit eans, for dis 
charge of a portion. Only of the circulating re 
sistance liquid for contact with the conduit 
means, and for extraction of heat from Such re 
Sistance liquid; and means activated by the Incr 
mal circulation of the resistance liquid for in 
ducing flow of resistance liquid a Way fron Said 
conduit means. 

57. In a Froude type dynamometer, a rotor 
having radial Vanes defining Cups; a Stator CaS 
ing including a portion Surrounding and Spaced 
from the periphery of said rotor; and heat eX 
change means in said Space, the Stator being 
waned to define cups terminating at their outer 
ends beyond the rotor's periphery and in com 
munication with the heat exchange means, the 
rotor having bleed parts in its periphery for dis 
charge of a part of the resistance liquid from 
the rotor's cups into contact With said heat eX 
change means. 
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