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CONTROLLING TURBOCHARGER COMPRESSOR CHOKE
CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to and all the benefits of U.S. Provisional Application
No. 61/884,309, filed on September 30, 2013, and entitled “Controlling Turbocharger

Compressor Choke,” which is incorporated herein by reference.
BACKGROUND

1. Field of the Disclosure
The disclosure relates to a turbocharger for an internal combustion engine. More
particularly, the disclosure relates to a means for controlling choke in a turbocharger having a

radial flow compressor.

2. Description of Related Art

A turbocharger is a type of forced induction system used with internal combustion
engines. Turbochargers deliver compressed air to an engine intake, allowing more fuel to be
combusted, thus boosting the horsepower of the engine without significantly increasing engine
weight. Turbochargers permit the use of smaller engines that develop the same amount of
horsepower as larger, normally aspirated engines. Using a smaller engine in a vehicle has the
desired effect of decreasing the mass of the vehicle, increasing performance, and enhancing fuel
economy. Moreover, the use of turbochargers permits more complete combustion of the fuel
delivered to the engine, which contributes to the highly desirable goal of a cleaner environment.

Turbochargers typically include a turbine housing connected to the exhaust manifold of
the engine, a compressor housing connected to the intake manifold of the engine, and a center
bearing housing coupling the turbine and compressor housings together. A turbine wheel in the
turbine housing is rotatably driven by an inflow of exhaust gas supplied from the exhaust
manifold. A shaft rotatably supported in the center bearing housing connects the turbine wheel
to a compressor impeller in the compressor housing so that rotation of the turbine wheel causes
rotation of the compressor impeller. The shaft connecting the turbine wheel and the compressor
impeller defines an axis of rotation. As the compressor impeller rotates, it increases the air mass
flow rate, airflow density and air pressure delivered to the cylinders of the engine via the intake

manifold.
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The turbine wheel of a turbocharger rotates very rapidly. The rotational speed of a
turbine wheel is size dependent, and smaller turbine wheels can rotate faster than larger wheels.
A turbocharger turbine wheel used in conjunction with an internal combustion engine may reach
circumferential tip speeds of 530 meters per second. The rapid rotation of the turbine wheel is
directly transmitted to the compressor wheel which likewise rotates extremely rapidly.
Accordingly, the gas coming off the compressor wheel is moving at a high velocity.

Once the air is accelerated by the compressor wheel and prior to being exhausted at the
compressor exit, the air proceeds through a diffuser and into a volute formed in the turbocharger
housing. The passageway from the compressor wheel into the volute is extremely narrow. The
high velocity air is not capable of flowing through the narrow passage. The diffuser slows down
the high-velocity air, largely without losses, so that both pressure and temperature are able to
rise. The diffuser accomplishes this increase by essentially forcing the air from the compressor
wheel to pass through the narrow passageway.

The mass flow of air through the compressor of a turbocharger increases up to a certain
point at which the turbocharger compressor becomes so inefficient that the turbocharger chokes,
or is unable to move more air. One of the causes of compressor choke is that at high mass flow
rates the angle of attack of the flow of air upon the volute tongue becomes quite large which
generates vortices and the air flow detaches from the volute tongue. The detached flow at the
volute tongue restricts air flow from the compressor and can diminish the efficiency of the

turbocharger.

SUMMARY

A device for controlling choke in a turbocharger having a radial flow compressor is
provided including a compressor volute having a device that controls air flow detachment from
the volute tongue by redirecting air over the tongue of the volute.

In some aspects, a fixed vane is disposed in close proximity to the tongue to redirect
the flow of air over the tongue. Positioning a vane close to the tongue controls air flow
detachment from the suction side of the volute tongue and prevents choke or detachment of
the air flow by redirecting the air flow over the tongue so that the air is able to attach to the
walls of the volute outlet and improve efficiency. The fixed vane may optionally be free-
floating and movable. Alternatively, the vane could be moved by an actuator. In some
embodiments, the vane has a proper airfoil shape, whereby the motion of the air can cause the

vane to tilt toward the tongue and redirect air over the tongue.
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In some aspects, a hole may be drilled or cast into the volute tongue. The hole permits
the pressures on the both sides of the tongue to equilize, promoting flow attachment of the
flowing air over the suction side of the volute tongue.

In some aspects, a turbocharger comprising a radial compressor includes a compressor
wheel and a compressor volute. The compressor volute has a volute tongue disposed therein,
and a redirecting device configured to redirect air over a suction side of the volute tongue.

The turbocharger may include one or more of the following features: The redirecting
device comprises a vane. The vane is fixed relative to the volute. The vane is a passive, free-
floating vane. The vane is movable relative to the volute. The redirerecting device comprises a
hole formed through the volute tongue. The compressor volute includes a stop mechanism that
is configured govern the movement of the passive/free-floating vane relative to the volute.
The position of the moveable vane is controlled by an actuator. The hole formed through the
volute tongue is formed at an angle relative to a surface of the volute tongue. The hole formed
through the volute tongue is angled in the direction of air flow through the compressor volute

outlet.

BRIEF DESCRIPTION OF THE DRAWINGS
Advantages of the disclosure will be readily appreciated as the same becomes better
understood by reference to the following detailed description when considered in connection

with the accompanying drawings wherein:

Figure 1 is a cross-sectional view of a turbocharger compressor volute having a fixed
vane;

Figure 2 is a detailed view of a turbocharger compressor volute having a passive/free-
floating movable vane;

Figure 3 is a detailed view of a turbocharger compressor volute having a movable vane
moved by an actuator; and

Figure 4 is a detailed view of a turbocharger compressor volute having a hole formed

through the tongue.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The disclosure relates to a compressor volute 5 having a means of controlling air flow
detachment from the volute tongue 3 by redirecting air over the volute tongue 3. Air is
accelerated from the compressor wheel at an extremely high velocity and thus tends to detach

from volute surfaces when flowing through the narrow passage into the volute outlet 6. The

3
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means for controlling air flow detachment from the volute tongue 3 aids in decreasing the
velocity of air flow at the volute tongue 3, diminishes the vortices that develop at the volute
tongue 3 from the high air velocities, and redirects air over the volute tongue 3 allowing the air

to flow through the narrow passage and remain attached to the walls of the volute outlet 6.

Figure 1 details a turbocharger compressor volute 5 having a fixed vane 1. The vane 1 is
mounted on a shaft 2 and directs air over the suction side of the volute tongue 3 and into the
volute outlet 6. Although illustrated here as having an airfoil shape, the shape of the vane 1 is
not particularly critical, as long as the vane 1 directs air over the volute tongue 3 such that the
tendency of the turbocharger compressor to choke is controlled. While a shaft 2 is detailed for
mounting the vane 1, it is contemplated that the vane 1 can be formed as a portion of the volute
10 or attached thereto by any means suitable.

A turbocharger compressor volute having a passive, free-floating movable vane 11 is
detailed in Figure 2. The vane 11 is mounted on a shaft 12 and pivots in response to the flow of
air over the vane 11. As the vane 11 pivots, it directs air over the suction side 13a of the volute
tongue 13. The passive, free-floating vane 11 has an airfoil shape so that the motion of air
creates a force which causes the passive, free-floating vane 11 to pivot on the shaft 12. The
passive, free-floating vane 11 can pivot on a fixed shaft 12 or the passive/free-floating vane 11
can be fixed to shaft 12. The passive, free-floating vane 11 is mounted off center so that the
force on the vane 11 created by the air moving over the vane 11 causes the passive, free-floating
vane 11 to pivot and direct air toward the volute tongue 13. The higher the mass flow of air, the
greater the force of air on the vane 11 and the more air that is directed toward the volute tongue
13. The motion of the vane 11 should be controlled so that the vane 11 does not pivot too far
into the volute passageway and interfere with air flow. As such, the passive/free-floating
movable vane 11 may also include a stop 14 which can be a cast feature in the volute passage, set
screw, or other similar vane stop device known in the art. The pressure difference between the
inside of the volute 15 and the volute outlet 16 are minimal. Hence, the vane 11 is moved
according to the pressure differences along the airfoil surfaces of the vane 11 due to air flow over
these surfaces. The stop 14 prevents the vane 11 from freely moving beyond a region of
allowing the air flow to be directed over the volute tongue 13.

Figure 3 details a turbocharger compressor volute having a movable vane 21 that is not
free-floating, but is moved and controlled by an actuator (not shown). The vane 21 is mounted
on a shaft 22 and pivots in response to the actuator. As the vane 21 pivots it directs air over the
volute tongue 23. Vane 21 acts similarly to vane 11 shown in Figure 2 except there is no stop

mechanism 14 and the vane 21 movement is controlled by the actuator. The actuator allows for
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movement of the vane 21 in response to detection of pressure differences between the inside and
outside of the volute passage. The pressure differences may be detected by the use of a
sensoring mechanism (not shown), or other sensing mechanisms well known in the art, and
operates similarly to that of a wastegate where the pressure differences between the inside and
outside of the volute passage causes the actuator (not shown) to move the vane 21 allowing the
air flow to be directed over the volute tongue 23 and into the volute outlet 26. Again, the shape
of the vane 21 is not particularly critical, as long as the vane 21 directs air over the volute tongue
23 controlling the tendency of the turbocharger compressor to choke.

A turbocharger compressor volute having a hole 34 formed through the volute tongue 33
is detailed in Figure 4. According to this particular aspect of the invention, the hole 34 is formed
therethrough approximate a leading edge 33a of the volute tongue 33, proving a fluid path that
connects the volute 35 with the volute outlet and bypasses the tongue leading edge 33a. The size
of the hole 34 depends upon the volume output of the turbocharger. The higher the volume
output of the turbocharger, the larger the hole 34 will need to be in order to supply the amount of
air that will be required to restore proper flow to the volute tongue 33. The volume of air
actually moving through the hole 34 depends upon the operation of the turbocharger. When the
turbocharger is operating far from choke, there will be high pressure air at the volute tongue 33,
and consequently little air will move through the hole 34. However, when the turbocharger is
operating closer to choke, there is lower pressure at the volute tongue 33 and the pressurized air
is drawn away from the volute tongue 33. This low pressure zone at the volute tongue 33 draws
air through the hole 34 into the volute outlet 36. When air moves through the hole 34, the hole
34 acts in the same manner as a diffuser. The high velocity normal pressure air is slowed down
and increases in temperature and pressure. Accordingly, the air coming through the hole 34 does
not disturb the flow of air in the volute 35, controlling choke and turbocharger efficiency. The
hole 34 can be angled relative to a surface 33b of the tongue 33. The direction and/or degree of
inclination of the angle is selected depending upon the desired turbocharger operating conditions
and may vary from turbocharger to turbocharger. In a preferred aspect, and more particularly
when there is a high mass flow of air, the hole 34 can be angled in the direction of flow toward
the volute outlet 36.

Aspects of the disclosure have been described herein in an illustrative manner, and it is to
be understood that the terminology used is intended to be in the nature of words of description
rather than limitation. Many modifications and variations of the present disclosure are possible
in light of the above teachings. It is, therefore, to be understood that within the scope of the
appended claims, the invention may be practiced other than as specifically enumerated within the

description.
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What is Claimed:

1. A turbocharger comprising a radial compressor including a compressor wheel and a
compressor volute (5), the compressor volute (5) having a volute tongue (3) disposed therein,

and a redirecting device (1, 34) configured to redirect air over a suction side of the volute tongue

3).

2. The turbocharger according to claim 1 wherein the redirecting device (1, 34) comprises a

vane (1).

3. The turbocharger according to claim 2 wherein the vane (1) is fixed relative to the volute

(5).

4. The turbocharger according to claim 2 wherein the vane (1) is a passive, free-floating vane.

5. The turbocharger according to claim 2 wherein the vane (1) is movable relative to the volute.

6. The turbocharger according to claim 1 wherein the redirecting device (1, 34) comprises a hole

(34) formed through the volute tongue (33).

7. The turbocharger according to claim 4 wherein the compressor volute (5, 15) includes a stop
mechanism (14) that is configured govern the movement of the vane (1, 11) relative to the

volute (5, 15).

8. The turbocharger according to claim 5 wherein the position of the moveable vane (1) is

controlled by an actuator.

9. The turbocharger according to claim 6 wherein the hole (34) formed through the volute

tongue (33) is formed at an angle relative to a surface (33b) of the volute tongue (33).

10. The turbocharger according to claim 9 wherein the hole (34) formed through the volute

tongue (33) is angled in the direction of air flow through the compressor volute outlet (36).
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