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Description

A LOW FRICTION INLET NOZZLE FOR A TURBO
EXPANDER

[0001] Background

[0002] Recently the interest in recovering energy from high-temperature or high-pressure gases has
increased. However, the available devices are not as efficient as possible and suffer from certain
limitations that are discussed later. As any high-temperature or high-pressure gas is a potential
resource for energy recovery, generator-loaded expanders or turbines or turbo expanders can be
custom engineered to recover a large amount of useful energy available in the process.

[0003] One field in which turbo expanders play a role is waste heat recovery. Waste heat can be
converted to useful energy with a turbo expander-generator alone or as a component in a more
complex system. Potential heat sources include: tail gas from industrial furnaces or combustion
engines, waste vapor from industrial furnaces or combustion engines, waste vapor from chemical
and petrochemical processes, and solar heat from flat or parabolic reflectors. Exhaust gases are hot
and may contain solvents or catalysts. An expander can not only recover energy and cool down
exhaust gases which vent to the atmosphere, it can also separate solvents or catalysts.

[0004] Another field in which turbo expanders are useful is the extraction of useful work in
pressure letdown applications. In pressure letdown applications, such as the merging of two
transmission pipelines at different pressures or at a city gate of a gas distribution system, a turbo
expander-generator can reduce the pressure of large volume gas streams while at the same time
recovering energy in the form of electric power. An expander can therefore be a profitable
replacement for other pressure regulating equipment such as control valves and regulators.

[0005] A turbo expander, also referred to as a turbo-expander or an expansion turbine, is a
centrifugal or axial flow turbine through which a high-pressure gas is expanded to produce work
that is often used to drive a compressor. Because work is extracted from the expanding high-
pressure gas, the gas expansion may approach an isentropic process (i.e., a constant entropy process)
and the low pressure exhaust gas from the turbine is at a low temperature, sometimes as low as -
90.degree. C. or less.

[0006] Because of the low temperature generated, turbo expanders are widely used as sources of
refrigeration in industrial processes such as the extraction of ethane and the formation of liquefied
natural gas (NGLs) from natural gas, the liquefaction of gases (such as oxygen, nitrogen, helium,
argon and krypton) and other low-temperature processes.

[0007] A representative, but non-limiting, example of a turbo expander is shown in Figure 1, and

Figure 2, which is reproduced from U.S. Pat. No. 5,851,104, the entire content of which is
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incorporated herein by reference. Figure 1 shows a variable nozzle arrangement in a radial inflow
turbine. A fixed ring 109 is positioned to one side of the annular inlet 114. The nozzle adjustment
system is provided to the same side of the annular inlet 114. An adjusting ring 115 is arranged
radially outwardly of a fixed ring 109. The adjusting ring 115 is able to rotate about the fixed ring
109 which is prevented from rotating by nozzle pivot pins 106 anchored in the fixed ring 109.
[0008] Inlet nozzles 105 are located about the annular inlet 114. These vanes 105 are positioned
between the fixed ring 109 and adjusting ring 115 on one side and the nozzle cover ring 101 on the
other. The vanes 105 are configured to provide a streamlined flow path there between. This path
may be increased or decreased in cross-sectional area based on the rotational position of the vanes
105. The vanes 105 are pivotally mounted about the nozzle pivot pins 106. The relative positioning
of the vanes 105 with respect to the nozzle cover ring 101 is illustrated by the superimposed
phantom line in Figure 2. Expander wheel 118 receives the compressed gas stream that is directed
through the annular inlet 114 and through vanes 105. This compressed gas stream expands and
causes the expander wheel 118 to rotate, thereby producing work.

[0009] In the 5,851,104 patent, the nozzle adjusting mechanism includes a cam and cam follower
mechanism. Cam followers 116 are displaced laterally from the axis of the pins 106 and are fixed
by shafts in the vanes 105, respectively, as shown in Figure 2. The cam followers 116 rotate about
the shafts freely. To cooperate with the cam followers 116, cams in the form of biased slots 117 are
arranged in the adjusting ring 115 (not shown in figure 2). They are sized to receive the cam
followers 116 so as to allow for free-rolling movement as the adjusting ring 115 is rotated.

[0010] The above described arrangement of the vanes 105, cam followers 116, biased slots 117 and
the adjusting ring 115 make the opening of the vanes 105 linearly dependant on a rotation of the
adjusting ring 115. In other words, a given rotation of the adjusting ring 115 produces the same
preset rotation of the vanes 105 irrespective of whether the vanes 105 are near an opened position,
are in an opened position, are near a closed position or are in a closed position. This constant
rotation of the vanes 105 with the rotation of the adjusting ring 115 does not allow for any varied
sensitivity in the adjustment of the position of vanes 105.

[0011] In traditional turbo expanders an adjusting ring typically directly slides on vanes which
produces friction and may damage part of the adjusting ring and/or vanes. The same sliding motion
may prematurely wear the adjusting ring and/or vanes. A specific, but non-limiting, example would
be the Atlas Copco ETB type expander nozzle. This nozzle is of the same basic design as defined
above, and typically has poor reliability. The industry sees a high failure frequency which is
caused by inlet guide vanes (nozzles) sticking.  Typically, after such a failure, a total overhaul is

performed, but given that the basic design has not changed, these nozzles can only be operated a
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short time before another failure can be expected.

[0012] Accordingly, a need has arisen in the industry to provide a solution to avoid the afore-
described problems.

[0013] Summary

[0014] A low friction inlet nozzle for a turbo expander including a nozzle cover ring, a set of nozzle
blades, a set of pressure springs, and a set of axial loading bolts is provided. The axial loading
bolts may be configured to accept all or at least a portion of the force which the set of pressure
springs induces between the nozzle cover ring and the face of the nozzle blades, thereby locating
the first face of the nozzle blade at a predetermined distance away from the face of the nozzle cover
ring. The predetermined distance may be between 0.02 and 0.04 mm.

[0015] Brief Description of the Figures

[0016] Figure 1 schematically illustrates the cross section of a typical turbo expander as known to
the prior art.

[0017] Figure 2 schematically illustrates details of the inlet guide vanes (nozzle blades) as known to
the prior art.

[0018] Figure 3 schematically illustrates an exploded cross section of a turbo expander in
accordance with one embodiment of the present invention.

[0019] Figure 4 schematically illustrates across section of a turbo expander in accordance with one
embodiment of the present invention.

[0020] Description of Preferred Embodiments

[0021] Illustrative embodiments of the invention are described below. While the invention is
susceptible to various modifications and alternative forms, specific embodiments thereof have been
shown by way of example in the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific embodiments is not intended to limit the
invention to the particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the invention as
defined by the appended claims.

[0022] It will of course be appreciated that in the development of any such actual embodiment,
numerous implementation-specific decisions must be made to achieve the developer’ s specific
goals, such as compliance with system-related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of this disclosure

[0023] Figure elements:
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[0024] 100 = turbo expander

[0025] 101 = nozzle cover ring

[0026] 102 = nozzle cover ring face

[0027] 103 = nozzle cover ring first pivot pin orifice

[0028] 104 = nozzle cover ring axial loading bolt orifice

[0029] 105 = inlet nozzles

[0030] 106 = nozzle pivot pins

[0031] 107 = nozzle first face

[0032] 108 = nozzle second face

[0033] 109 = fixed ring

[0034] 110 = fixed ring face

[0035] 111 = fixed ring second pivot pin orifice

[0036] 112 = fixed ring pressure springs

[0037] 113 = fixed ring axial loading bolts

[0038] 114 = annular inlet

[0039] 115 = adjusting ring

[0040] 116 = cam followers

[0041] 117 = nozzle biased slots

[0042] 118 = expander wheel

[0043] With respect to the above identified problems, after analysis and testing, it was found that
the root cause of many nozzle failures were the high amount of friction between the moving parts of
the nozzle. The various embodiments of the proposed invention reduce this friction, possibly to
Zero.

[0044] As the intention of the present invention is to remedy these problems in situ, to existing
turbo-expander installations, as much of the original design as possible must be maintained. In
some embodiments of the present invention axial loading bolts 113 are utilized to reduce the
preload, possibly to zero.

[0045] Turning to Figure 3, an exploded view of a low friction inlet nozzle for a turbo expander 100
in accordance with one embodiment of the present invention is provided. The nozzle includes a
nozzle cover ring 101, wherein the nozzle cover ring 101 comprises a face 102, a first pivot pin
orifice 103, and an axial loading bolt orifice 104. The nozzle also includes a set of nozzle blades
105, wherein each nozzle blade 105 comprises a pivot pin 106, a first face 107 and a second face
108. Also included is a fixed ring 109, wherein the fixed ring comprises a face 110 and a second

pivot pin orifice 111, a set of pressure springs 112, and a set of axial loading bolts 113. The
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number of axial loading bolts 113 will depend on the size and design of the turbo expander, but in
one embodiment of the present invention, there may be 8 axial loading bolts 113.

[0046] Turning to Figure 4, and in the interest of consistency and clarity maintaining the element
numbers from the prior figures, the axial loading bolts 113 are configured to accept all or at least a
portion of the force which the set of pressure springs 112 induces between the nozzle cover ring 101
and the first face 107 of the nozzle blades 105. And the first face 107 of the nozzle blade 105 is
located at a predetermined distance away from the face 102 of the nozzle cover ring 101. As the
preloading force generated by the pressure springs 112 has been reduced to zero, the second face
108 of each nozzle blade 105 is no longer being forced into in contact with the face 110 of the fixed
ring 109.

[0047] The inventors discovered that a major source of friction arises along the contacting surfaces
of the nozzle cover ring 101, nozzle blade 105, and fixed ring 109. This results in sliding friction

on the nozzle blades 105. The precondition of slide friction is contact surface (pressure) “Fn” |

roughness “ 1”7 and sliding. The force of friction for each blade is F=Fn* 1 . It is clear

from this equation that to reduce friction “F” , either the preload “Fn” or the surface

roughness “ 1”7 must be reduced. In various embodiments of the present invention, the preload

“Fn” isreduced.

[0048] In one embodiment of the present invention, the preload that pressure springs 112 places on
the nozzle blades 105 is F, as indicated in Figure 4. The axial loading bolts 113 are adjusted to
reduce this preload by drawing the cover ring 101 to the left (as indicated in Figure 4) and thus
away from nozzle blades 105. Once the preload has been reduced to zero, further adjustment of
the axial loading bolts 113 produces a gap between the nozzle cover ring 101 and the nozzle blades
105. Once this gap reaches predetermined distance, this is set. This predetermined distance may
be between 0.02 and 0.04 mm.

[0049] Thus, the friction between the nozzle cover ring 101 and the nozzle blades 105 has been
reduced to zero. Also, the friction between the nozzle blades 105 and the fixed ring 109 has been

reduced to zero.



Claims:

Claim 1: A low friction inlet nozzle for a turbo expander, comprising:

e anozzle cover ring (101), wherein the nozzle cover ring (101) comprises a
face (102),
e a set of nozzle blades (105), wherein each nozzle blade comprises a nozzle
first face (107) and a nozzle second face (108),
e a set of pressure springs (112), and
e a set of axial loading bolts (113),
Wherein the axial loading bolts (113) are located behind the face (102) of the nozzle
cover ring (101); and are configured to accept all the force which the set of pressure
springs (112) induces between the nozzle cover ring (101) and the first face (107) of

the nozzle blades (105),

Wherein the pressure springs (112) are configured to place a preload on the nozzle
first face (107) of the nozzle blades (105),

Wherein the axial loading bolts (113) are adjustable to reduce said preload by
drawing the nozzle cover ring (101) away from the nozzle first face (107) of the

nozzle blades (105), thereby reducing the preload to zero,

Wherein, once the preload is reduced to zero, the axial loading bolts (113) are
further adjustable to produce a gap between the nozzle cover ring (101) and the
nozzle first face (107) of the nozzle blade (105),

Thereby locating the first face (107) of the nozzle blade (105) at a predetermined
distance away from the face (102) of the nozzle cover ring (101).

Claim 2: The low friction inlet nozzle of claim 1, wherein the predetermined distance

is between 0.02 and 0.04 mm.



