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CLOSED-LOOP WATERBRAKE 
DYNAMOMETER FLUID VOLUMETRIC 
CONTROL SYSTEM AND METHOD 

FIELD OF THE INVENTION 

The present invention relates to Waterbrake dynamometer 
systems and, more particularly, to a system and method for 
controlling the ?uid volume Within a Waterbrake. 

BACKGROUND OF THE INVENTION 

Dynamometers are devices that are used to measure 
poWer, force, or energy. One particular type of dynamometer 
is knoWn as a Waterbrake dynamometer. A Waterbrake 
dynamometer may be used to test various rotating machines 
such as engines and motors. In particular, a Waterbrake 
dynamometer may be used to measure, for example, the 
horsepoWer generated by a rotating machine, such as an 
engine or motor. 
A Waterbrake dynamometer typically includes a Water 

brake that may be coupled to a ?uid system. The Waterbrake 
generally includes a rotor that is rotationally mounted Within 
a housing. The housing includes ?uid inlet and outlet ports 
coupled to the ?uid system, Which alloWs ?uid, such as 
Water, to ?oW into and out of the Waterbrake housing. 
During use, the output shaft of the rotating machine under 
test may drive the Waterbrake rotor. Fluid Within the Water 
brake applies a load to the Waterbrake rotor, and thus to the 
rotating machine output shaft. The torque generated by the 
output shaft may be measured and used to determine the 
output poWer of the rotating machine. 

It is generally knoWn that the magnitude of the load 
applied to the machine output shaft is proportional to the 
?uid volume Within the Waterbrake, at a given ?uid tem 
perature. Thus, to apply a predetermined load magnitude to 
the machine 120, and maintain the predetermined load 
magnitude substantially constant, a substantially constant 
volume of Water, at a substantially constant temperature (or 
temperature range), should be maintained Within the Water 
brake. As the Waterbrake rotor rotates, it transfers energy to 
the ?uid Within the Waterbrake housing, Which may cause 
the temperature of the ?uid to increase. Therefore, to control 
the load applied to the machine under test, the ?uid volume 
and ?uid temperature Within the Waterbrake should be 
controlled. 

In the past, ?uid volume and temperature Within the 
Waterbrake has been controlled using an open-loop ?uid 
system. In such systems, ?uid may be supplied to the 
Waterbrake from a ?uid source, such as a cooling toWer 
reservoir. The volume of ?uid supplied to the Waterbrake 
may be controlled using one or more control valves mounted 
in the supply line betWeen the Waterbrake and the ?uid 
source. Hot ?uid may then be discharged from the Water 
brake to a hot Well, either directly or via one or more ?oW 
or back-pressure control valves. The ?uid in the hot Well 
may then be pumped back to the cooling toWer, Where it is 
cooled and returned to the cooling toWer reservoir for 
recirculation through the Waterbrake. 

Although the above-described systems Work Well, each 
su?fers certain drawbacks. For example, the ?uid volume 
and temperature Within the Waterbrake, and thus the load 
applied to the machine under test, is controlled by the ?uid 
?oW rate through the Waterbrake, Which can be di?icult to 
regulate. In addition, because the ?uid system is open, there 
is an increased likelihood that the system may become 
contaminated. This increased likelihood of contamination 
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2 
may in turn lead to the use of additional components, such 
as ?lters and pumps to draW ?uid through the ?lters, Which 
may increase system complexity and cost. 

Hence, there is a need for a Waterbrake dynamometer ?uid 
volumetric control system and method that does not use ?uid 
?oW rate control to control ?uid volume and temperature in 
the Waterbrake, and/or is relatively easy to regulate ?uid 
volume and temperature, and/or reduces the likelihood of 
?uid system contamination, and/or is less complex and less 
costly. The present invention addresses one or more of these 
needs. 

SUMMARY OF THE INVENTION 

The present invention provides a Waterbrake dynamom 
eter With a ?uid volumetric control system and method that 
uses a closed-loop recirculation passage to maintain a sub 
stantially constant ?uid volume Within the Waterbrake, and 
controls Waterbrake ?uid volume by selectively supplying 
?uid to, and removing ?uid from, the Waterbrake. 

In one embodiment of the present invention, and by Way 
of example only, a Waterbrake dynamometer ?uid volumet 
ric control system includes a Waterbrake, a ?uid recircula 
tion passage, and a reversible pump assembly. The Water 
brake has a ?uid inlet port and a ?uid outlet port. The ?uid 
recirculation passage directly couples the Waterbrake ?uid 
outlet port in closed-loop, series-?uid communication With 
the Waterbrake ?uid inlet port. The reversible pump assem 
bly has at least a ?rst port coupled in series-?uid commu 
nication With the Waterbrake ?uid inlet and a second port 
adapted for coupling to a ?uid supply. 

In another exemplary embodiment, a Waterbrake dyna 
mometer ?uid volumetric control system includes a Water 
brake, a ?uid recirculation passage, ?rst and second ?uid 
passages, and ?rst and second valves. The Waterbrake has a 
?uid inlet port and a ?uid outlet port. The ?uid recirculation 
passage directly couples the Waterbrake ?uid outlet port in 
closed-loop, series-?uid communication With the Water 
brake ?uid inlet port. The ?rst ?uid passage has an inlet and 
an outlet, the ?rst ?uid passage inlet adapted for coupling to 
a ?uid supply and the ?rst ?uid passage outlet coupled in 
series-?uid communication With the ?uid recirculation pas 
sage. The ?rst valve is mounted on the ?rst ?uid passage and 
is moveable to selectively supply ?uid from the ?uid supply 
to the Waterbrake. The second ?uid passage has an inlet and 
an outlet, the second ?uid passage inlet is coupled in 
series-?uid communication With the ?uid recirculation pas 
sage. The second valve is mounted on the second ?uid 
passage and is moveable to selectively discharge ?uid from 
the Waterbrake via the second ?uid passage outlet. 

In still a further exemplary embodiment, a Waterbrake 
dynamometer ?uid volumetric control system includes a 
Waterbrake, ?uid recirculation means, and ?uid volumetric 
control means. The Waterbrake has a ?uid inlet port and a 
?uid outlet port. The ?uid recirculation means is for recir 
culating ?uid from the Waterbrake ?uid outlet port directly 
to the Waterbrake ?uid inlet port. The ?uid volume control 
means is for selectively supplying ?uid volume to, and 
removing ?uid volume from, the Waterbrake. 

In yet another exemplary embodiment, in a Waterbrake 
dynamometer system having a Waterbrake including a ?uid 
inlet port, a ?uid outlet port, and a rotationally mounted 
rotor, a method of controlling ?uid volume in the Waterbrake 
includes directly coupling the Waterbrake ?uid inlet and the 
Waterbrake ?uid outlet in closed-loop, series-?uid commu 
nication With one another, Whereby the Waterbrake rotor 
pumps ?uid from the Waterbrake ?uid outlet port to the 
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Waterbrake ?uid inlet port, and selectively supplying ?uid 
volume to, and removing ?uid volume from, the Waterbrake. 

In yet still a further exemplary embodiment, a method of 
testing a machine having at least one rotating output shaft 
includes supplying a Waterbrake having a rotationally 
mounted input shaft, a ?uid inlet, and ?uid outlet. The 
Waterbrake ?uid inlet port and the Waterbrake ?uid outlet 
port are directly coupled in closed-loop, series-?uid com 
munication With one another. The machine output shaft is 
coupled to the Waterbrake input shaft. The machine is run to 
rotate its output shaft, and ?uid is selectively supplied to, 
and removed ?uid from, the Waterbrake to control ?uid 
volume Within the Waterbrake, Whereby a predetermined 
torque is maintained on the machine output shaft. 

Other independent features and advantages of the pre 
ferred Waterbrake dynamometer volumetric control system 
Will become apparent from the folloWing detailed descrip 
tion, taken in conjunction With the accompanying draWings 
Which illustrate, by Way of example, the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a piping schematic diagram of a Waterbrake 
dynamometer system according to a preferred embodiment 
of the present invention; and 

FIGS. 2*6 are piping schematic diagrams of a Waterbrake 
dynamometer systems according to alternate embodiments 
of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

A piping schematic of a particular preferred embodiment 
of a Waterbrake dynamometer ?uid volumetric control sys 
tem 100 is shoWn in FIG. 1. In the depicted embodiment, the 
system 100 includes a Waterbrake 102, a heat exchanger 
104, a Waterbrake ?uid reservoir 105, a reversible pump 
assembly 106, a cooling pump 108, and a cooling toWer 110. 
The Waterbrake 102 includes at least one ?uid inlet port 112 
to receive a ?uid such as, for example, Water, into the 
Waterbrake 102, and at least one ?uid outlet port 114 to 
discharge ?uid from the Waterbrake 102. A rotor 116 is 
rotationally mounted Within the Waterbrake 102 and includes 
a shaft 118. As Will be described in more detail beloW, When 
the Waterbrake 102 is being used to test a rotating machine 
120 such as, for example, a motor or engine, an output shaft 
122 of the rotating machine 120 is coupled to the Waterbrake 
rotor shaft 118. Atorque sensor 123 may be coupled to either 
the machine output shaft 122 or the Waterbrake input shaft 
118 to measure the torque applied to the machine 120. 
The Waterbrake ?uid outlet port 114 is directly coupled in 

closed-loop, ?uid-series communication With the ?uid inlet 
port 112, via a ?uid recirculation passage 124. As is gener 
ally knoWn, When the rotor 116 is being rotated, not only 
does the Waterbrake 102 apply a load to the machine 120 
under test, but it also acts as a pump. Thus, the Waterbrake 
102 discharges the ?uid Within the Waterbrake 102 out the 
?uid outlet port 114. The discharged ?uid is then returned 
back to the ?uid inlet port 112, via the ?uid recirculation 
passage 124. 
As the machine 120 under test rotates the rotor 116, 

energy is imparted to the volume of ?uid that is Within, and 
circulating through, the Waterbrake 102, causing the ?uid 
temperature to increase. If heat is not removed from the 
?uid, it could potentially ?ash to its gaseous state. In 
addition, because ?uid properties, such as density and vis 
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4 
cosity, vary With temperature, ?uid temperature variations 
can affect the load being applied by the Waterbrake 102 to 
the machine 120. Thus, the heat exchanger 104 is installed 
in the system 100 to remove heat from the ?uid recirculating 
through the Waterbrake 102 to maintain a substantially 
constant AT (differential temperature) across the Waterbrake 
102. The heat exchanger 104 includes has at least tWo ?uid 
?oW paths running through it, a ?rst ?oW path 126 and a 
second ?oW path 128. The ?rst ?oW path 126 is coupled in 
series-?uid communication With the ?uid recirculation pas 
sage 124. The second ?oW path 128 is coupled in series-?uid 
communication With a cooling ?uid system. In the depicted 
embodiment, this cooling ?uid system includes the cooling 
toWer 110 and the cooling pump 108. With this con?gura 
tion, ?uid discharged from the Waterbrake ?uid outlet port 
114 enters the ?uid recirculation passage 124 and ?oWs 
through the heat exchanger 104. As this recirculating ?uid 
passes through the heat exchanger 104, it is cooled by the 
?uid ?oWing in the second ?oW path 128. The recirculating 
?uid then ?oWs back into the Waterbrake ?uid inlet port 112. 
It should be appreciated that the heat exchanger 104 may be 
any one of numerous knoWn heat exchanger designs knoWn 
in the art such as, for example, a plate and frame heat 
exchanger, a cross-?oW heat exchanger, or a tube-and-shell 
heat exchanger. It Will additionally be appreciated that the 
Working ?uid in the Waterbrake may be any one of numerous 
?uids knoWn in the art including, but not limited to, Water, 
anti-freeze, and oil. 
The cooling pump 108 has an inlet 129 and an outlet 130, 

and is coupled in ?uid communication betWeen the cooling 
toWer 110 and the heat exchanger second ?oW path 128. In 
particular, the cooling pump inlet 129 is in ?uid communi 
cation With the cooling toWer 110, and the cooling pump 
outlet 130 is in ?uid communication With the heat exchanger 
second ?oW path 128. Hence, the cooling pump 108 takes a 
suction from the cooling toWer 110 and supplies cooling 
?uid to the heat exchanger second ?oW path 128. After the 
cooling ?uid is Warmed by the ?uid ?oWing through the 
recirculation passage 124, it ?oWs back to the cooling toWer 
110, Where heat is transferred from the Warmed cooling ?uid 
to the surrounding environment. It should be appreciated 
that the cooling toWer 110 may be any one of numerous 
designs knoWn in the art. It should additionally be appreci 
ated that the present invention is not limited to use of a 
cooling toWer to cool the Warmed cooling ?uid. Indeed, any 
one of numerous heat exchange or heat removal devices 
knoWn in the art could be used instead of the cooling toWer 
110 to remove heat from the Warmed cooling ?uid. 
The reversible pump assembly 106 is coupled in series 

?uid communication betWeen the ?uid reservoir 105 and the 
Waterbrake 102. The reversible pump assembly 106 is 
preferably one of numerous single pump designs knoWn in 
the art that have reverse ?oW capabilities. Alternatively, the 
reversible pump assembly 106 may include tWo or more 
individual pumps that are each con?gured Within the system 
100 to pump ?uid in opposite directions. In either case, the 
reversible pump assembly 106 may be used to supply ?uid 
to, and remove ?uid from, the Waterbrake 102. To do so, the 
reversible pump assembly 106 includes at least a ?rst 
inlet/outlet port 132 and a second inlet/outlet port 134. The 
?rst inlet/outlet port 132 is coupled in series-?uid commu 
nication With the Waterbrake ?uid inlet port 112, and the 
second inlet/outlet port 134 is coupled in ?uid communica 
tion With the ?uid reservoir 105. When ?uid is being 
supplied to the Waterbrake 102, the reversible pump assem 
bly 106 draWs ?uid from the ?uid reservoir 105 into the 
second inlet/outlet port 134 and discharges it out the ?rst 
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inlet/outlet port 132 into the Waterbrake 102. Conversely, 
When ?uid is being removed from the Waterbrake 102, the 
reversible pump assembly draws ?uid from the Waterbrake 
102 into the ?rst inlet/outlet port 132 and discharges it out 
the second inlet/outlet port 134 into the ?uid reservoir 105. 
As Was previously noted, a rotating machine 120 may be 

tested using the Waterbrake dynamometer volumetric con 
trol system 100 by coupling the machine output shaft 122 to 
the Waterbrake rotor shaft 118. As the machine 120 rotates 
the rotor 116, the Waterbrake 102 not only applies a load to 
the machine, but it also acts as a pump. Thus, ?uid Within the 
Waterbrake is discharged out the Waterbrake ?uid outlet 114, 
?oWs through the recirculation passage 124 and heat 
exchanger 104, and back into the Waterbrake 102 via the 
Waterbrake ?uid inlet 112. As Was also previously noted, the 
load applied to the machine 120 by the Waterbrake 102 is 
proportional to the ?uid volume Within the Waterbrake 102. 
Therefore, to apply a particular desired load magnitude to 
the machine 120, ?uid is supplied to, or removed from, the 
Waterbrake 102, via the reversible pump assembly 106, until 
the desired load magnitude is attained. Thereafter, because 
the ?uid recirculation passage 124 directly couples the 
Waterbrake ?uid outlet port 114 in closed-loop, series-?uid 
communication With the Waterbrake ?uid inlet port 112, the 
?uid volume Within the Waterbrake 102, and thus the load on 
the machine 120, Will remain substantially constant. 

Turning noW to FIG. 2, an alternative embodiment of a 
Waterbrake dyanamometer volumetric ?uid control system 
Will be described. In this alternate system 200 a separate 
cooling system is not included. Instead, the heat exchanger 
transfers heat from the ?uid recirculating through the Water 
brake 102 to ambient air. The heat exchanger 104 may do so 
by radiation heat transfer, or a fan 144 may be used to force 
ambient air through the heat exchanger 104 to remove heat 
by convection. 

Another alternative embodiment of a Waterbrake dyana 
mometer volumetric ?uid control system is illustrated in 
FIG. 3. In this embodiment, the system 300 does not include 
a separate ?uid reservoir 105. Rather, the reversible pump 
106 is coupled in series-?uid communication betWeen the 
cooling pump 108 and the Waterbrake 102. In particular, the 
?rst inlet/outlet port 132 is coupled in series-?uid commu 
nication With the Waterbrake ?uid inlet port 112, and the 
second inlet/outlet port 134 is coupled in ?uid communica 
tion With the cooling pump outlet 130. Hence, similar to the 
embodiment depicted in FIG. 1, When ?uid is being supplied 
to the Waterbrake 102, the reversible pump assembly 106 
draWs ?uid from the ?uid reservoir 105 into the second 
inlet/outlet port 134 and discharges it out the ?rst inlet/outlet 
port 132 into the Waterbrake 102, and When ?uid is being 
removed from the Waterbrake 102, the reversible pump 
assembly draWs ?uid into the ?rst inlet/outlet port 132 and 
discharges it out the second inlet/outlet port 134. 

Turning noW to FIGS. 4*6, alternative embodiments of 
the Waterbrake dyanamometer volumetric ?uid control sys 
tems depicted in FIGS. 1*3, respectively, are illustrated. 
Each of these alternate systems 400, 500, and 600 is similar 
to the systems 100, 200, and 300 depicted in FIGS. 1*3, 
respectively, and like reference numerals in FIGS. 4*6 refer 
to like parts of the systems 100, 200, and 300 depicted in 
FIG. 1. The alternate system 400, 500, and 600 are similar 
to the systems 100, 200, and 300 in FIGS. 1*3, respectively, 
With the exception of the components used to supply ?uid to, 
and remove ?uid from, the Waterbrake 102. In particular, in 
the alternate system 400, 500, and 600, the reversible pump 
assembly 106 is not used. Instead, in the systems 400 and 
500 depicted in FIGS. 4 and 5, respectively, a ?uid supply 
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6 
passage 402 is coupled in series-?uid communication 
betWeen the ?uid reservoir 105 and the Waterbrake ?uid inlet 
port 112, and a discharge passage 404 is coupled in series 
?uid communication betWeen the Waterbrake ?uid outlet 
port 114 and the ?uid reservoir 105. A supply valve 406 is 
mounted on the ?uid supply passage 402, and a discharge 
valve 408 is mounted on the ?uid discharge passage 404. 
Similarly, in the system 600 depicted in FIG. 6, the ?uid 
supply passage 402, With the supply valve 406 mounted 
thereon, is coupled in series-?uid communication betWeen 
the cooling pump outlet 130 and the Waterbrake ?uid inlet 
port 112, and the discharge passage 404, With the discharge 
valve 408 mounted thereon, is coupled in series-?uid com 
munication betWeen the Waterbrake ?uid outlet port 114 and 
the cooling system. In each of these alternate systems 400, 
500, and 600, to supply ?uid to the Waterbrake 102, the 
supply valve 406 is opened until the desired ?uid volume is 
added, and the supply valve 406 is then closed. Similarly, to 
remove ?uid from the Waterbrake 102, the discharge valve 
408 is opened until the desired ?uid volume is removed, and 
the discharge valve 408 is then closed. It should be appre 
ciated that the supply 406 and discharge 408 valves could be 
replaced With individual supply and discharge pumps. 

While the invention has been described With reference to 
a preferred embodiment, it Will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof Without 
departing from the scope of the invention. In addition, many 
modi?cations may be made to adapt to a particular situation 
or material to the teachings of the invention Without depart 
ing from the essential scope thereof. Therefore, it is intended 
that the invention not be limited to the particular embodi 
ment disclosed as the best mode contemplated for carrying 
out this invention, but that the invention Will include all 
embodiments falling Within the scope of the appended 
claims. 

I claim: 
1. A Waterbrake dynamometer ?uid volumetric control 

system, comprising: 
a Waterbrake having a ?uid inlet port and a ?uid outlet 

Port; 
a ?uid recirculation passage directly coupling the Water 

brake ?uid outlet port in closed-loop, series-?uid com 
munication With the Waterbrake ?uid inlet port; and 

a reversible pump assembly having at least a ?rst port 
coupled in series-?uid communication With the Water 
brake ?uid inlet and at least a second port adapted for 
coupling to a ?uid supply, the reversible pump operable 
to selectively supply ?uid to, and remove ?uid from, 
the Waterbrake. 

2. The system of claim 1, Wherein the ?uid supply is a 
?uid reservoir tank having ?uid therein. 

3. The system of claim 1, further comprising: 
a ?uid supply pump having an inlet adapted for coupling 

to the ?uid supply and an outlet coupled in series-?uid 
communication With the reversible pump assembly 
second port. 

4. The system of claim 1, further comprising: 
a heat exchanger assembly having at least a ?rst ?uid ?oW 

pat coupled in series-?uid communication in the ?rst 
recirculation passage, the heat exchanger operable to 
transfer heat from the ?rst ?uid ?oW path to ambient 
air. 

5. The system of claim 1, further comprising: 
a heat exchanger assembly having a ?rst ?uid ?oW path 

and a second ?uid ?oW path, the ?rst ?uid ?oW path 
coupled in series-?uid communication in the ?rst recir 
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culation passage, the second ?uid ?oW path coupled in 
series-?uid communication With a cooling ?uid system, 
the heat exchanger operable to transfer heat betWeen 
the ?rst and second ?uid ?oW paths. 

6. The system of claim 5, further comprising: 
a ?uid supply pump having an inlet adapted for coupling 

to the ?uid supply and an outlet coupled in series-?uid 
communication With the heat exchanger second ?uid 
?oW path. 

7. The system of claim 6, Wherein the ?uid supply pump 
outlet is further coupled in series-?uid communication With 
the reversible pump assembly second port. 

8. The system of claim 5, further comprising: 
an fan positioned proximate the heat exchanger and 

operable to ?oW ambient air through the heat exchanger 
second ?uid ?oW path. 

9. The system of claim 5, further comprising: 
a cooling toWer coupled to receive ?uid from the heat 

exchanger second ?oW path and operable to remove 
heat therefrom. 

10. A Waterbrake dynamometer ?uid volumetric control 
system, comprising: 

a Waterbrake having a ?uid inlet port and a ?uid outlet 

Port; 
?uid recirculation means for recirculating ?uid dis 

charged from the Waterbrake ?uid outlet port directly to 
the Waterbrake ?uid inlet port; and 

?uid volume control means having an outlet port in ?uid 
communication With the Water brake ?uid inlet port, the 
?uid volume control means for selectively supplying 
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?uid volume to, and removing ?uid volume from, the 
Waterbrake. 

11. The system of claim 10, further comprising: 
heat removing means for removing heat from the ?uid 

?oWing in the ?uid recirculation means. 
12. The system of claim 10, further comprising: 
means for supplying ?uid to the ?uid volume control 

means. 

13. The system of claim 11, Wherein the heat removing 
means removes heat from the recirculating ?uid by trans 
ferring the heat to a cooling ?uid, and Wherein the system 
further comprises: 

cooling means for cooling the cooling ?uid. 
14. In a Waterbrake dynamometer system having a Water 

brake including a ?uid inlet port, a ?uid outlet port, and a 
rotationally mounted rotor, a method of controlling ?uid 
volume in the Waterbrake, comprising: 

directly coupling the Waterbrake ?uid inlet and the Water 
brake ?uid outlet in closed-loop, series-?uid commu 
nication With one another, Whereby the Waterbrake 
rotor pumps ?uid directly from the Waterbrake ?uid 
outlet port to the Waterbrake ?uid inlet port; and 

selectively supplying ?uid volume to, and removing ?uid 
volume from, the Waterbrake using a reversible pump. 

15. The method of claim 14, further comprising: 
removing heat from the ?uid pumped from the Waterbrake 

?uid outlet port to the Waterbrake ?uid inlet port. 

* * * * * 


