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DYNAMOMETER WITH BUILT-IN HEAT 
EXCHANGER 

Edwin L. Cline, Pasadena, Caliii, assignor to 
Clayton Manufacturing Company, Alhambra, 
Calif., a corporation of California 

Application August 2, 1946, Serial No. 688,004 

1 
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 e?ecting cooling of the I 
power absorption ?uid. 
More speci?cally; 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 ?uid, the heat exchange means dis 
closed being adapted to cool both. When a gas, 
such as air, is employed as the power absorption 
?uid, 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 e?ect 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, ?led July 26, 1946, Pat 
em 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 ?uid. 
The principal object of the invention is to pro 

vide a compact power absorption device having 
a built-in heat exchanger of su?icient capacity, 
to maintain the power absorption ?uid 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 ?uid, 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 ?ow 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 
e?’ecting e?icient cooling of said mixture.v 
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 fOHOWil’lg 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 I —I of Fig. 2, and hav 
ing a built~in heat exchanger including trans 
verse tubes disposed in a cooling circuit sepa 
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 remove 
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 i5-~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 1-1 of Fig. 6; 

Fig. 8 is a vertical sectional view of a dyna 
mQmeter-somewhat similar to that shown in Fig. 
16,, but including a modi?ed 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 vin cross-section as viewed on the staggered 
section line »9--9‘ of Fig. 8; 

.10 is .a vertical sectional view through an 
other form .of dynamometer, taken on the sec 
tion line I0—-‘l-0 ‘of Fig. 11., and including .cir- ‘ 
cumferentially extending heat exchange tubes 
‘disposed in the normal working circuit of the 
.dynamometer; 

Fig. 1.1 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 
sectionline ll-ll of Fig. 10; 

Fig. 12 “is .a view ‘partly in section taken on the 
section line !2--l2 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 'l3-—l: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 ?uid; 

Fig. .14 is a side elevational view of the dyna 
mometer shown in Fig. 13, with portions thereof 
shown in cross-section as viewed on the staggered 
section line 1 4-44 of Fig. 13; 

Fig. 15 is a view partly in section taken on 
the section line 15-45 of Fig. 14; 

Fig. 16 is a vertical sectional view through still 
another form of dynamometer, taken on the sec 
tion line iii-l6 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. 1-7 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 l‘I-—l‘l of Fig. 16; 

Fig. 18 is a fragmentary sectional view taken 
on the section line l8—l 8 of Fig. 16; 

Fig. 1-9 is a vertical sectional view through an 
other form of dynamometer, taken on the line 
|9—-l.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 Eli-2i! of Fig. 19. 

Referring now to Figs. 1 and 2 of the draw 
ings, the dynamometer shown therein comprises 
a housing 28 including two housing sections 2! 
and 22, The housing sections 25 and 22 include 
stepped, mating surfaces '23 and ‘724 for axially 
aligning said sections, and bolts 25 pass through 
said sections to secure the same together. The 
‘housing sections 25 and 22 are provided with 
openings 26 and fl, respectively, for the recep 
tion of a ‘rotor shaft 26. The shaft 26 is adapted 
to be connected with a prime mover (not shown) 
for absorbing the power developed by said prime 
mover. 
A bracket 29 is secured to each of the hous 

ing sections 2| and 22 by bolts 3U. Each of the 
brackets 26 contains,a ball bearing 33 serving 
as an anti-friction mounting for the shaft 28. 
The bearings 3i are held in the brackets 29 by 
.a dust-excluding, retainer plate 32 fastened to 
the brachetsttl by bolts 33. Enclosed within each 
of the brackets 26 is a gland 3&1 which engages 
packing material 35 surrounding the shaft 28 to 
prevent the leakage of fluid from within the 
housing 25 outwardly along the shaft .28. Screws 
3% are provided for adjusting the gland 34 to 
compress the packing 35 into sealing relation 
around the shaft 28. 
Each of the housing sections 2! and .22 is pro— 

vided with an annular pocket 37, which is sub 
stantially semi-circular or semi-toroidal in radial 
cross-section. Each of the pockets 5'! is provided 
with a set of radial vanes 33 which extend com 
pletely .thereacross 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 
forming web as is disposed between each of the 
vanes til-39. The vanes 3;‘), as distinguished 
from the vanes 3", do not terminate at their 
innermost portion in a plane common with that 
of the .inner face of the pocket 3'5, but on the 
contrary, terminate in an edge it! extending an 
gularly from the innermost portion of the web 
49, as best shown in Fig. 1. 
A multiplicity of heat exchange tubes 52 is 

arranged transversely in each housing section 
2|-—22 in a zone disposed outwardly beyond the 
substantially semi-toroidal pockets 3'5. The 
tubes 452 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 32 in a manner explained herein 
after. The innermost ends of the tubes t2 com 
municate with inlet passages 66 disposed be 
tween vanes til formed in the housing sections 
El and 22 in a vertical plane disposed inwardly 
of the ‘pockets 3? and in alignment with pumping 
pockets 48 formed in a rotor 46. Continuations 
of the spaces between the stator webs 38 and 39 
form return passages 59 extending from the outer 
ends of the tubes 42 to the semi-toroidal pockets 
31. 
The rotor 48 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 51 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 31. .A set of radial vanes 53 extends 
completely across the pockets 52 and a second 






























