
   

 1 

Manifold Assembly for a Fluid Cooled Generator 

FIELD OF THE INVENTION 

[0001] This application relates generally to electrical generators for vehicles and more 

particularly to a manifold assembly that facilitates efficient distribution of a cooling 

fluid within an interior of an electrical generator of a vehicle. 

BACKGROUND  

[0002] Electrical devices and devices containing multiple electrical components have become 

increasingly prevalent in vehicular power systems, thus increasing electrical power 

requirements of the vehicle.  Vehicular power systems include a rotating electrical 

machine (e.g., an alternator) to supply the electrical energy to charge batteries and/or 

to otherwise provide power to the electrical devices connected to vehicular electrical 

system.  Often, the vehicular alternators may utilize a ventilation or cooling system to 

pass air over an exterior surface of the alternator and/or through the alternator. Such 

alternators may include a rotor and shaft extending through the center of the rotor.  In 

some cases, a shaft-end may be mechanically coupled (e.g., via a drive pully 

arrangement) to transfer rotational movement of the vehicle’s engine to rotate the 

alternator’s rotor and cause the alternator to generate electricity.  To cool the alternator, 

the vehicle may include a fan that may or may not be coupled to the rotor to provide a 

cooling airflow over the exterior surface and/or interior surface of the alternator.  

Because such fans are often driven at the same speed as the rotor, alternator cooling 

may be limited by the speed of the engine’s rotation.  Additionally, alternators are 

located within a vehicular cavity (e.g., an engine compartment), that may have limited 

airflow and one or more other heat-generating components, such as the engine, co-

located within the confined space of the vehicular cavity.  To overcome such 

limitations, fluid cooling of vehicular generators has become more common. 

[0003] Presently, fluid cooling of alternators may commonly refer to several distinct cooling 

approaches.  For example, a first approach may include indirect fluid cooling methods, 

such as by incorporating a “water jacket” around an exterior surface of the alternator.  

Water jackets are typically less efficient for removing waste heat because of the longer 

cooling paths required.  Additionally, the water jackets may also increase the size of 

the alternator, which may not fit within an available vehicular cavity for mounting the 
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alternator.  A second approach may include direct methods of spraying or splashing the 

cooling fluid onto the motor windings.  Direct fluid cooling methods may provide 

enhanced heat dissipation, primarily from the interaction of the coolant (e.g., oil) with 

portions of the alternator generating heat (e.g., the windings).   

[0004] Although current direct fluid cooling is typically more efficient than indirect cooling, 

there are inherent design hurdles that must be overcome to make it viable in an 

alternator application.  For example, a major operating obstacle facing direct fluid 

cooling is the need to effectively distribute varying flow rates of fluid (e.g., a ‘chilled’ 

dielectric coolant) regardless of unit orientation.  Solely relying on the rotating 

assembly to fling coolant leaves the unit vulnerable to overheating via slosh-induced 

coolant starvation.  An illustrative example involves a direct-cooled alternator mounted 

in a vehicle that is scaling a hill.  The incline of the hill naturally causes all of the coolant 

to pool on one end, thus allowing the other end to overheat through fluid starvation.  

Additional operating challenges to direct fluid cooling include the presence or 

formation of interior ‘hotspots’ and/or the formation of stagnant pockets of coolant 

within a unit’s housing.  Localized hotspots are a threat to temperature sensitive 

electrical components such as rectifiers, causing premature failure of such components.  

Further, stagnant pockets induce stator thermal soak before full cooling output potential 

can be achieved.  Both localized hotspots and localized stagnation pockets benefit little 

from the coolant distribution offered via shaft fling or spray.  Therefore, a need has 

been recognized for improved direct fluid cooling methods and/or fluid distribution 

within an alternator housing.   

 

SUMMARY 

[0005] The following presents a simplified summary of various aspects described herein.  This 

summary is not an extensive overview, and is not intended to identify key or critical 

elements or to delineate the scope of the claims.  The following summary merely 

presents some concepts in a simplified form as an introductory prelude to the more 

detailed description provided below. 

[0006] To overcome the above-noted problems, a need has been recognized for providing a 

manifold assembly to specifically target removal of localized hotspots and to provide 

an active end-to-end flushing effect of fluid within the alternator housing to prevent 

stagnation and/or starvation in all operating orientations.  Additionally, the manifold 
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assembly fits within existing alternator housings to provide more effective cooling 

without increasing the footprint or size of the alternator housing. 

[0007] A concentric manifold ring assembly (e.g. an internal fluid distribution manifold) may 

be intended for use in a direct fluid (or liquid) cooled alternator and operates together 

with a mating ‘shell’ (e.g., an alternator housing) to form one or more concentric fluid 

distribution channels.  The manifold ring assembly enables the transport and 

distribution of chilled coolant received from an exterior heat exchanger system to select 

internal locations within the alternator housing, such as via channels, ducts, and/or jets.  

Advantages of the concentric manifold ring assembly include providing a means to 

distribute incoming (e.g., chilled) coolant throughout the alternator interior, thus 

ensuring a direct-splash cooling effect can sufficiently collect thermal energy across a 

wide range of unit orientations.  Further, the concentric manifold ring assembly may 

include an optimally located return/discharge channel to ensure a constant return supply 

of coolant to an external pump and heat exchanger of the heat exchanger system across 

a wide range of unit orientations.  Further the concentric manifold ring assembly 

provides a compact concentric design that packages tightly into the alternator body, 

includes lightweight construction, and includes inherent vibration resiliency.  An 

alternator incorporating the concentric manifold ring assembly may maintain a same 

diameter as an equivalent air-cooled alternator.  Components of the concentric manifold 

ring assembly may be easily manufacturable via standard machining, extrusion, and/or 

casting techniques.  Further, the concentric manifold ring assembly is provided in a 

form tailored for use in traditional production line assembly procedures utilizing basic 

hand and pneumatic tools.  Further installation and/or repair processes are simplified 

with the modular design of the concentric manifold ring assembly, which enables 

simple installation or extraction as a complete assembly. 

[0008] The details of these and other aspects of the disclosure are set forth in the accompanying 

drawings and description below.  Other features and advantages of aspects of the 

disclosure will be apparent from the description and drawings. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Aspects of the disclosure may be implemented in certain parts, steps, and embodiments 

that will be described in detail in the following description and illustrated in the 
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accompanying drawings in which like reference numerals indicate similar elements.  It 

will be appreciated with the benefit of this disclosure that the steps illustrated in the 

accompanying figures may be performed in other than the recited order and that one or 

more of the steps may be optional.  It will also be appreciated with the benefit of this 

disclosure that one or more components illustrated in the accompanying figures may be 

positioned in other than the disclosed arrangement and that one or more of the 

components illustrated may be optional, in which: 

[0010] Figure 1 shows an illustrative block diagram of a vehicle power system utilizing fluid 

cooling for a generator according to aspects of the disclosure;   

[0011] Figure 2A shows an exploded view of an alternator housing and a concentric manifold 

ring assembly according to aspects of the disclosure; 

[0012] Figure 2B shows an illustrative view of the concentric manifold ring assembly installed 

within the alternator housing according to aspects of the disclosure; 

[0013] Figures 3 and 4 show illustrative perspective views of the manifold ring assembly 

according to aspects of the disclosure; 

[0014] Figure 5 shows a cross-sectional view of an installed manifold ring assembly according 

to aspects of the disclosure; 

[0015] Figures 6 and 7 show illustrative fluid flow with respect to cross-sectional views of 

manifold ring assembly according to aspects of the disclosure;  

[0016] Figure 8 shows an illustrative view of a carrier ring of the manifold ring assembly 

according to aspects of the disclosure;  

[0017] Figure 9 shows an illustrative fluid flow testing of an illustrative stator assembly 

including the concentric manifold ring assembly according to aspects of the disclosure; 

and 

[0018] Figure 10 shows an illustrative cross-sectional view of an illustrative alternator 

assembly according to aspects of the disclosure. 

 

DETAILED DESCRIPTION 

[0019] In the following description of various example structures and methods in accordance 

with the invention, reference is made to the accompanying drawings, which form a part 
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hereof, and in which are shown by way of illustration various fitness devices and 

systems using fitness devices in accordance with various embodiments of the invention.  

Additionally, it is to be understood that other specific arrangements of parts and 

structures may be utilized and structural and functional modifications may be made 

without departing from the scope of the invention. 

[0020] It is to be understood that the phraseology and terminology used herein are for the 

purpose of description and should not be regarded as limiting.  Rather, the phrases and 

terms used herein are to be given their broadest interpretation and meaning.  The use of 

“including” and “comprising” and variations thereof is meant to encompass the items 

listed thereafter and equivalents thereof, as well as additional items and equivalents 

thereof.  As used in this description, a set refers to a collection of one or more elements. 

[0021] A concentric manifold ring assembly comprises an internal distribution manifold for a 

generator.  The manifold is for use in a direct-liquid-cooled alternator together with a 

mating housing to form a concentric fluid distribution channel that enables the transport 

and distribution of chilled coolant from a heat exchanger to select locations in the 

alternator via downstream channels, ducts, and jets.  The external heat exchanger feeds 

chilled coolant through a feed port where the incoming fluid is directed 

circumferentially via a channel formed by the manifold body and housing.  From the 

circumferential flow, streams of coolant flow from drilled jet ports, while the 

circumferential flow back-cools rectifier mounting surfaces.  Fluid flows axially out of 

high-mounted ducts to the other side of the main stator, creating an active end-to-end 

circulation of chilled fluid within the alternator to absorb thermal energy from alternator 

components before being drawn out of a return flow channel via a return flow port.  

This end-to-end fluid circulation is discussed in greater detail below, with respect to 

Figure 10.  Additionally, the concentric manifold ring assembly allows a flow channel 

that feeds the return flow port to be positioned near or otherwise adjacent to an axial 

center of the alternator.  This positioning of the return flow port near the axial center of 

the alternator ensures that the return flow channel remains submerged throughout each 

operating orientation of the vehicle (e.g., an uphill orientation, a downhill orientation, 

etc.) in which the alternator is installed. 

[0022] Figure 1 shows an illustrative block diagram of a vehicle power system 100 utilizing 

fluid cooling for a generator according to aspects of the disclosure.  For example, the 

vehicle power system 100 may include a controller 110, a generator 120, an electrical 
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load 130 receiving electrical power from the generator 120, a battery module 140 

electrically coupled to the generator, and in some cases, one or more sensors.  In some 

cases, the controller 110 may include a communication interface 114 and a processor 

112.  In some cases, the controller 110 may also include one or more memory devices 

(e.g., internal and/or external memory devices) that may be configured to store 

instructions 162 processed by the processor 112 to allow the controller to control the 

generator.  For example, in some cases, the controller may process instructions to 

monitor a temperature of the generator for use in controlling operation of the generator 

120 and/or operation of a cooling system 160, such as via controlling operation of a 

pump 161.  The cooling system 160 may be configured to control heating of the 

generator 120 during operation.  In some cases, the cooling system 160 may operate 

independently from the controller 110. 

[0023] In some cases an alternator assembly may include an internal shaft driven pump (e.g., 

a gerotor pump) positioned next to the manifold ring.  This pump may be configured to 

directly interface the feed port on the manifold.  In some cases, the pump may provide 

flowrate control authority to the electronic regulator, such as by outfitting the internal 

flow bypass on the pump with a linear actuator.  The regulator may be configured to 

control this actuator via pulse width modulation (PWM) to throttle the output flowrate 

into the heat exchanger.  The electronic regulator may use a temperature input from a 

sensor mounted on the pressure side of the pump in calculations to determine the correct 

PWM duty cycle for the actuator. 

[0024] In some cases, the generator 120 may be electrically coupled to the electrical load via 

two or more electrical connections (e.g., B+, B-, etc.) to provide electrical power to the 

electrical load 130.  In an illustrative example, the generator 120 may be an alternator 

in a vehicle.  In some cases, the generator 120 may be a stand-alone electrical generator 

configured to utilize another energy source (e.g., a fossil fuel engine, a wind turbine, 

etc.) to provide electrical energy to the electrical load 130.  The generator 120 may 

include a field coil (not shown) and one more stator windings (not shown), where the 

field coil may generate a magnetic field when a field current flows through the field 

coils.  This magnetic field may interact with the one or more stator windings to induce 

a voltage across one or more stators.  The stator voltage may then be used to provide a 

generator output current for use in powering the electrical load 130.   
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[0025] In an illustrative example, the generator 120 may be an alternator installed in a vehicle, 

such as an automobile, a truck, a bus, a military vehicle, an airplane, a boat, and/or the 

like.  Today, the electrical power requirements for such vehicles is increasing, due in 

part to an increase in electrical components included within the vehicle and/or that rely 

upon the vehicle electrical system as a power source.  For example, the electrical load 

130 may include one or more electrical components of the vehicle, such as a heating 

element, a cooling fan, headlights, an air conditioning unit, a pump, a radio, a battery 

module, and the like.  In some cases, the vehicle alternator may also be used to provide 

power to one or more electrical devices (e.g., a portable electronic device, a mobile 

phone, a global positioning system (GPS) unit, etc.) and/or external vehicle components 

(e.g., a trailer, running lights, emergency lights, etc.).  Some vehicles, such as 

emergency vehicles, which may include a number of electrical components that cannot 

be without power.   

[0026] The battery module 140 may include at least one battery 142 and may be used to provide 

electrical power to the electrical load 130, or externally connected electrical devices, 

when sufficient electrical power is not or cannot be generated by the generator 120.  For 

example, the battery module 140 may provide electrical energy to the electrical load 

when the vehicle’s engine has been shut down, when the generator 140 has experienced 

a fault, when the electrical load 130 has increased to or beyond the generation capacity 

of the generator 120, and the like.  In some cases, the generator 120 may be configured 

with two or more electrical terminals (e.g., a B+ terminal, a B- terminal, a B2+ terminal, 

etc.) to provide electrical power at one or more voltage levels. 

[0027] In some cases, the generator 120 may be configured to generate alternating current (AC) 

voltages at a frequency corresponding to the rotation speed of the rotor.  In many cases, 

this electrical energy is output as a rectified direct current (DC) voltage (e.g., via the 

B+ and B- terminals).  In some cases, the generator 120 may be configured to output 

an AC voltage at a regulated frequency in addition to or in place of the DC output 

voltage, such as a 120V output at 60 Hz, 220V output at 50 Hz, and the like.  To provide 

regulated DC voltages, the generator-based battery charging system 100 and/or the 

generator 120 may include a voltage regulator.  The voltage regulator may operate to 

regulate the generator output voltage(s) at one or more pre-defined constant voltage 

levels as the speed of the generator 120 and electrical load 130 may vary during 

operation.  For example, electrical devices included in the electrical load may be 
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connected, disconnected, enabled, or disabled during operation of the generator 120.  

This variable load operation may cause disturbances (e.g., a voltage spike, a transient 

current, etc.) as the devices operate.  In an illustrative example, a motor or heating 

element connected as at least a portion of the electrical load 130 may draw a large inrush 

current upon power up.  These transient load conditions may affect the operation of the 

generator 120.   

[0028] Additionally, in vehicular operations, the rotation speed of the rotor may correspond to 

the rotational speed of the vehicle’s engine, where this variable rotational speed may 

cause the AC voltage generated via the interaction between the field coils and the rotor 

to be generated at a frequency with some variation.  In such cases, the voltage regulator 

may be used to regulate the conversion of AC electrical energy to DC electrical energy 

at or near a predefined set point.  In some cases, the regulator 125 may be incorporated 

into the generator 120, incorporated into the controller 110 as shown, or may be 

incorporated as an external device installed adjacent to the generator 120.  In some 

cases, the regulator 125 may be configured to provide the regulated output voltage from 

the generator 120 via the B+ and B- terminals.  While the regulator 125 and controller 

110 are illustrated as being separate from the generator 120, components of the 

regulator 125 and/or the controller 110 may be integrated within a housing of the 

generator 120. 

[0029] In some cases, the regulator may include one or more power electronic devices such as 

diodes, thyristors, silicon controlled rectifiers (SCRs), gate turn-on thyristors (GTOs), 

Triacs, bipolar junction transistors (BJTs), power transistors (e.g., insulated gate bipolar 

transistors (IGBTs), power metal oxide semiconductor field-effect transistors 

(MOSFETs), MOS controlled thyristors (MCTs), integrated gate-commutated 

thyristors (IGCT), and the like.  The voltage regulator may include one or more 

converters, such as AC/DC converters, DC/DC converters and the like.  For example, 

the regulator may include a rectifier 122 (e.g., a diode rectifier) to convert an AC input 

voltage to an unregulated DC voltage and a DC/DC regulator to convert the unregulated 

DC voltage to a regulated DC output voltage and/or current.  In some cases, the 

regulator 125 may control an AC/DC converter to provide a regulated DC output 

voltage and/or current.  The regulator 125 may be configured to switch one or more 

switching devices (e.g., an IGBT, a BJT, an SCR, an IGCT, etc.), along with additional 

electrical components (e.g., resistors, capacitors, inductors, transformers, etc.) to 
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provide a regulated DC output via one or more power conversion circuits, such as a 

boost converter, a buck converter, a Cúk converter, a flyback converter, a single-ended 

primary-inductor converter (SEPIC) converter, a forward converter, a full bridge 

converter, and the like.  

[0030] The generator 120 may be a based on a three-phase wound-field synchronous machine, 

with a rotor that may include at least one excitation coil.  The stator may be composed 

of a slotted laminated iron core and a three-phase overlapped winding, that may be wye 

or delta connected.  The rotor may include a number of poles (e.g., 12 poles, 14 poles, 

16 poles, 18 poles, etc.), where the number of poles may correspond to a specified 

power output of the generator 120.  For example, smaller vehicles (e.g., passenger 

vehicles) may use a smaller number of poles (e.g., 12 poles), while other vehicles with 

higher power requirements (e.g., trucks, buses, military vehicles, etc.) may have higher 

pole numbers (e.g., 14 poles, 18 poles, etc.).  Often, the stator may be designed with 

one slot per pole and per phase, for example the stator may have 36 slots, 42 slots, 56 

slots, etc.  Increasing the number of poles reduces the inductance of the stator winding, 

however this also increases magnetic losses due to the higher electrical frequency.  As 

such, a choice of pole number may be based on a compromise between the magnetic 

losses and alternator power requirements, if sufficient cooling cannot be provided.  The 

form factor of the alternator housing factors into thermal dissipation calculations.  Some 

air-cooled alternators (e.g., Lundell alternators) may be characterized by a form factor 

with a relatively large diameter size when compared to the alternator length to facilitate 

thermal dissipation.  Direct contact cooling of alternators provides better cooling 

capability in a smaller form factor, however cooling capability may be affected by 

inadequate distribution of the cooling medium.  As such, the concentric manifold ring 

assembly is advantageous for its ability to be scaled to fit inside large or small diameter 

units, regardless of the unit’s length. 

[0031] The generator 120 may also include the rectifier 122, such as diodes arranged in a full-

bridge configuration to rectify the output current of the generator 120.  The rectifier 

122 may be divided into sets of diodes, where the sets of diodes may be within a casing 

that may be physically attached (e.g., press fit, welded, etc.) to a heatsink to improve 

thermal dissipation of heat produced by the rectifier 122.  The regulator may include 

other electrical components, such as a half-bridge rectifier or ancillary diodes to 

improve the generator’s performance under certain conditions, such as varying 
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alternator speeds, ambient temperature of the vehicular cavity, chemical characteristics 

of the battery module 140, and the like.  Generator efficiency may be related to 

mechanical losses (e.g., brush and bearing friction, losses created by a claw pole rotor, 

etc.), copper losses (e.g., stator copper losses, rectifier diode losses, regulator losses, 

contact resistance between slip rings and brushes, etc.), and magnetic losses.   

[0032] Magnetic losses may be large at nominal excitation current and at lower speeds, due to 

a low output current when the stator is fully saturated due to the weak magnetic reaction.  

By increasing the speed and output current, while maintaining the same excitation 

current, flux density is reduced in the stator.  As such, magnetic losses become 

proportional to speed itself rather than the square of speed during no-load conditions.  

Further, magnetic losses may also be proportional to lamination thickness.  In some 

cases, portions of the rotor may be fabricated from solid iron, so that eddy currents can 

easily circulate, adding to the magnetic losses at low speeds and low loads.  Similarly, 

at higher speeds, the stator magneto-motive force (MMF) may produce space harmonic 

fields in the air-gap between the rotor and the stator, which may be augmented by the 

slot openings to produce eddy currents.  Each of these losses may result in generation 

of waste thermal energy to be dissipated. 

[0033] Thermal dissipation within a generator may typically be performed by convection via 

a cooling fluid (e.g., air, engine coolant, oil, etc.) circulating within or around the 

alternator housing, where rotor bearings may dissipate at least a portion of heat 

generated in the rotor.  In the illustrative system 100, a cooling system 160 may be 

physically connected to the generator via an inlet port 152 and an outlet port 154 to 

facilitate delivery and retrieval of cooling fluid (e.g., oil, etc.) from the interior of the 

generator 120.  For example, the pump 161 may pump the fluid from one or both of a 

cooling block 163 (e.g., a radiator or other heat exchanging device) into an interior 

cavity of the generator 120, where heated fluid returns to the cooling system 160 from 

the interior cavity of the generator 120 via the outlet port 154.  In some cases, a heat 

exchanger may be integrated into the alternator housing.  For example, an integrated 

heat exchange may be physically mounted to the alternator, such as at the anti-drive 

end.  Alternatively, an externally mounted heat exchange may be fluidly coupled to the 

alternator by fluid lines (e.g., flexible fluid lines, rigid fluid lines, or the like).  In some 

cases, a fluid reservoir 165 may be incorporated into the cooling system 160. 
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[0034] Figure. 2A shows an exploded view of an alternator housing (e.g., housing 220) and a 

concentric manifold ring assembly 210 according to aspects of the disclosure.  The 

housing 220 may be fabricated of aluminum or another similar non-magnetic material.  

Aluminum is often used as a housing material for its strength to weight ratio, because 

it does not magnetize, and for its thermal conductivity properties to improve heat 

dissipation.  An advantage of the concentric manifold ring assembly 210 is that it may 

be inserted, or pressed, into an interior cavity 230 of the housing 220 as a complete unit 

to be adjacent to a surface of the stator assembly 240, as shown with the generator 

assembly 250 of Figure. 2B  Once inserted, the complete concentric internal flow paths 

may be formed between an interior surface of the housing 220 and exterior surfaces of 

the concentric manifold ring assembly 210, as discussed below. 

[0035] Figures 3 and 4 show illustrative perspective views of the concentric manifold ring 

assembly 210 according to aspects of the disclosure.  The concentric manifold ring 

assembly 210 may include a carrier ring 305 upon which other components may be 

attached.  Additionally, the carrier ring 305, when the concentric manifold ring 

assembly 210 is pressed into the housing 220 forms a portion of each of a feed flow 

channel and a return flow channel to facilitate delivery of the coolant fluid within the 

interior of the generator 120.  For example, the carrier ring includes a first protrusion 

321a having a first upper surface 322a and a second protrusion 321b having a second 

upper surface 322b.  The first protrusion 321a extends upward from an exterior surface 

326 of the carrier ring 305 at a first edge of the carrier ring 305, where the first 

protrusion extends around the circumference of the carrier ring 305 along the first edge.  

The second protrusion 321b extends upward from the exterior surface 326 of the carrier 

ring 305 at a second edge of the carrier ring 305, where the second edge is opposite the 

exterior surface 326 from the first edge.  The second protrusion 321b extends along the 

circumference of the carrier ring 305 along the second edge.   

[0036] When the concentric manifold ring assembly 210 is pressed into the housing 220, the 

first protrusion 321a is positioned adjacent the stator assembly 240 within the interior 

cavity 230 of the housing 220 and the second protrusion 321b is positioned adjacent an 

exterior edge 229 of the housing 220.  Additionally, the first upper surface 322a and the 

second upper surface 322b are in contact with an interior surface 227 of the housing 

220 with a mechanical tolerance of at least a clearance fit, a transitional fit, or an 

interference fit, thus forming one or more leak-minimizing flow channels for coolant 
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flow.  A fit tolerance may be determined based on a combination of factors, such as 

manufacturability, leak minimization, and ease of assembly, among others.  In an 

illustrative example, a clearance fit may be designed with a particular tolerance range 

(e.g., between about 0.002 in. – 0.004 in.) may be chosen to balance these factors, so 

that the installed concentric manifold ring assembly 210 may experience a negligible 

amount of leakage when compared to the expected flow rate.  For example, a concentric 

feed flow channel 320 is formed between the interior surface 227 of the housing 220 

the exterior surface 326 of the carrier ring 305, a first sidewall surface 324a of the first 

protrusion 321a, and a second sidewall surface 324b of the second protrusion 321b.  

The concentric manifold ring assembly 210 further includes a feed port adapter 310 and 

a return port adapter 360.  The feed port adapter 310 and the return port adapter 360 

may be removably attached to the carrier ring 305 such as by using fasteners 311.  The 

feed port adapter 310 may include a feed inlet 312 configured to receive a fluid flow 

coupling to allow inflow of a fluid and forms an input of the concentric feed flow 

channel 320.  The return port adapter 360 may include a return outlet 362 to facilitate a 

return flow of the fluid via a return flow channel 420 from the interior cavity of the 

generator 120.  Dimensions of the flow channel may be determined, for example, to 

maintain a cross-sectional area (e.g., about 0.40 - 0.75 in2.) of the inlet of the feed port 

adapter 310 and/or the outlet of the return port adapter 360 and/or attached pipes or 

hoses.  In some cases, the flow channels may be designed with a larger cross-sectional 

area, such that a static pressure of the system may be minimized to reduce energy 

required to establish proper volume flowrates.  In some cases, dimensions of 

components of the concentric manifold ring assembly 210 may be determined based on 

a size of components to be attached.  For example, an overall width of the concentric 

manifold ring assembly 210 may be determined based on dimensions of rectifiers to be 

used. 

[0037] Fluid flow to the interior of the generator 120 is facilitated via one or more openings in 

the carrier ring 305 located opposite the carrier ring 305 from the location of the feed 

port adapter 310.  For example, one or more duct ports 340 are formed through the 

exterior surface 326 of the carrier ring 305 and a rear opening 352 is formed between a 

third edge 354a and a fourth edge 354b through the first protrusion 321a, where the rear 

opening is adjacent to the duct ports 340.  The duct ports 340 fluidly connect the feed 

flow channel 320 to one or more axial flow ducts 350 that facilitate fluid flow over the 
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stator assembly 240 and towards the rear of the housing 220.  Additional fluid flow 

from the feed flow channel 320 towards the stator assembly 240 and the rear of the 

housing 220 is provided via the rear opening 352. 

[0038] The concentric manifold ring assembly 210 further includes one or more rectifier 

mounting surfaces 370 and one or more flow caps 380.  In some cases, the rectifier 

mounting surface 370 may be integrated into the carrier ring 305, such as being a part 

of an extruded aluminum blank. In some cases, the rectifier mounting surface 370 may 

be removable and physically affixed (e.g., via fasteners, epoxy, welding, etc.) to provide 

a thermally conductive surface upon which a rectifier module may be mounted.  For 

example, the rectifier mounting surface may comprise copper or aluminum panel to 

facilitate thermal transfer from the rectifier module.  Additionally, the flow cap 380 

may physically attach to a front surface 382 of the carrier ring 305, where the front 

surface faces an exterior of the housing 220 when the concentric manifold ring 

assembly 210 is fit within the housing 220.  The flow cap 380 may form a fluid flow 

barrier for fluid flow providing back cooling to the rectifier mounting surface(s) 370 

and/or for form a fluid flow barrier to facilitate fluid flow out of the axial flow ducts 

350.  The carrier ring 305 includes one or more openings 390 to facilitate connection 

with an alternator housing end unit (not shown) to complete the housing enclosure.  

Fluid inlet and outlet ports may extend through the alternator housing end unit to fluidly 

connect the feed port adapter 310 and the return port adapter 360 with the cooling 

system 160.  

[0039] Turning to Figure. 4, a feed port 410 is formed through the carrier ring 305 to allow 

inflow of fluid from the feed port adapter 310 to the feed flow channel 320.  The feed 

flow channel 320 extends bidirectionally from the feed port 410 to allow 

circumferential fluid flow bidirectionally around the carrier ring 305.  A return port 460 

is formed through the carrier ring 305 to fluidly connect the return flow channel 420 to 

the return port adapter 360.  A feed/return flow divider 430 is positioned between the 

feed port 410 and the return port 460 to provide separation between the feed flow 

channel 320 and the return flow channel 420.  To ensure separation of the feed flow 

channel 320 and the return flow channel 420, an upper surface 432 of the feed/return 

flow divider 430 is aligned with the first upper surface 322a of the first protrusion 321a 

and is configured to contact the interior surface 227 of the housing 220 with a similar 

mechanical tolerance. An interior surface 434a of the feed/return flow divider 430 and 
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the second sidewall surface 324b defines the feed flow channel 320 adjacent to the feed 

port 410.  An exterior surface 434b of the feed/return flow divider 430 abuts the first 

sidewall surface 324a adjacent to edges of an opening 422 through the first protrusion 

321a to form the return flow channel 420 adjacent to the return port 460.  

[0040] The carrier ring 305 may include one or more jet ports 440 to fluidly connect the feed 

flow channel 320 with an interior of the carrier ring 305.  Each jet port 440 may provide 

fluid flow (e.g., a fluid jet, a radial fluid flow, etc.) to splash or otherwise direct fluid to 

a component, such as a rotating rectifier mounted on the rotor shaft, an upper surface 

of a rectifier module affixed to the rectifier mounting surface 370, a mounting plate, 

etc.  For example, the jet port 440 illustrated in FIG. 4 may direct fluid flow towards a 

rotating rectifier mounted on the rotor or towards a rectifier mounted on the rectifier 

mounting surface 370 opposite the carrier ring 305 from the jet port 440. 

[0041] Figure 5 shows a cross-sectional view of an installed manifold ring assembly according 

to aspects of the disclosure.  As shown, the circled portion 510 highlights the formation 

of the feed flow channel 320 between the feed port adapter 310 via the feed port 410, 

where the feed flow channel is defined between the interior surface 227 of the housing 

220, the second protrusion 321b and the feed/return flow divider 430. 

[0042] Figures 6 and 7 show illustrative fluid flow with respect to cross-sectional views of 

concentric manifold ring assembly 210 according to aspects of the disclosure.  At A, an 

input fluid flow 610 enters the feed port adapter 310 and forms a feed flow 615 through 

the feed inlet 312 towards the feed port 410 to flow 620 along the feed flow channel 

320.  While the cross-sectional view of FIG. 6 only illustrates flow in one direction, the 

flow 620 is bidirectional around the concentric manifold ring assembly 210.  At 440, a 

portion of the feed flow 615 is diverted through the jet port 440 into a fluid jet 640 

directed towards an opposite rectifier mounting surface 370.  Fluid flow continues 

through the duct ports 340 to provide axial fluid flow 650 out of the axial flow ducts 

350 that is directed towards a rear surface of the alternator housing. 

[0043] Figure. 7 illustrates return fluid flow from the interior of the housing 220.  Fluid flow 

660 enters the return flow channel 420 of the concentric manifold ring assembly 210 

and flows 670 through the return port 460 to the return outlet 362 and flow 680 exits 

the return port adapter 360 to return to the cooling system for heat exchange.  In some 
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cases, the pump 161 pumps fluid into the feed port adapter 310 and/or pulls fluid from 

the return port adapter 360. 

[0044] Figure. 8 shows an illustrative view of a carrier ring 305 of the concentric manifold ring 

assembly 210 according to aspects of the disclosure.  Fluid flow for providing cooling 

of the rectifiers may be facilitated by diverting a portion of the fluid flow from the feed 

flow channel 320 to contact a bottom surface opposite to the rectifier mounting surface 

370.  Here, the feed flow channel 320 may be fluidly connected to one or more rectifier 

cooling cavities 810 via one or more ports 820.  At least a portion of concentric fluid 

flow in the feed flow channel 320 may be diverted to a rectifier cooling cavity 810 via 

the one or more ports 820.  The flow cap 380, as shown in Figure 3, prevents the coolant 

fluid from flowing out towards the exterior of the alternator. The opposite side of the 

rectifier cooling cavity 810 is open to allow drainage of the fluid.  Fluid within the 

rectifier cooling cavity 810 may collect at least a portion of the thermal energy of the 

rectifiers transferred via the rectifier mounting surface 370.  The draining fluid may 

flow in a direction of the centrally mounted return flow channel 420 to be pulled into 

the external heat exchanger.  In some cases, the rectifier mounting surface 370 may 

include openings, or ‘windows’ (not shown) that allow cooling fluid within the rectifier 

cooling cavity 810 to come in direct contact with a rectifier surface.  

[0045] Figure 9 shows an illustrative fluid flow testing of an illustrative stator assembly 

including the concentric manifold ring assembly according to aspects of the disclosure.  

Figure 10 shows an illustrative cross-sectional view of an illustrative alternator 

assembly 1000, with end covers (not shown) removed, according to aspects of the 

disclosure.  The alternator assembly 1000 comprises the housing 220, the concentric 

manifold ring assembly 210, a stator assembly 1013 and a rotor assembly 1023.  The 

stator assembly 1013 and the rotor assembly 1023 may function as at least a partial flow 

barrier that divides the interior cavity 230 of the housing 210 into two cavities (e.g., an 

anti-drive-end cavity 1005 and a drive-end cavity 1025), where each of the anti-drive-

end cavity 1005 and the drive-end cavity 1025 are located on opposite sides of the stator 

assembly-rotor assembly stack.  As mentioned above, the fluid flow 650 exiting the 

concentric manifold ring assembly 210 via the axial flow ducts 350 may form a fluid 

flow 1010 directed, via a flow channel (e.g., channel 1012), from the concentric 

manifold ring assembly 210 located in the anti-drive-end cavity 1005 to the drive-end 

cavity 1025.  In some cases, additional fluid flow may exit the concentric manifold ring 
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assembly 210 via the rear opening 352 within the anti-drive-end cavity to flow over one 

or more stator components and/or rotor components adjacent to the concentric manifold 

ring assembly 210.  

[0046] The fluid flow 650 out of the axial flow ducts 350 flows axially away from the 

concentric manifold ring assembly 210, past the stator assembly 1013 via a select pair 

of circumferentially positioned axial flow channels (e.g., channel 1012) formed by the 

stator laminations and housing.  The fluid flow 1010 moves to the opposite side of the 

main stator, creating an active end-to-end circulation of chilled fluid within the 

alternator to absorb thermal energy from alternator components.  The term “active end-

to-end circulation” is intended to describe the act of directing the bulk of the chilled 

dielectric coolant, which is received via the feed port adapter 310, to cool a portion of 

the drive-end of the stator assembly 1013.  The resulting fluid flow 1010 then may enter 

the drive-end cavity 1025 coolant to flow (e.g., fluid flow 1020) into the drive-end 

cavity before flowing back towards the anti-drive-end through other circumferentially 

positioned axial channels (e.g., channel 1042) formed by the stator laminations and the 

housing.  The fluid flow 1020 may, during a period of high fluid flow may contact the 

end portion of the housing (not shown) and may cause some splash-back onto the 

windings/rotor.  In some cases, fluid flow 1020 may at least partially form a “waterfall” 

effect over the stator hairpins 1017 and/or rotor windings 1027 at lower flow rates.  In 

some cases, the fluid flow 1020 may supplement and/or enhance an effect of shaft fling.  

In doing so, a stagnation effect on level terrain, and a starvation effect on inclines may 

be prevented.   

[0047] When installed in a vehicle, the fluid cooled alternator may be positioned such that the 

axial flow duct 350 may be mounted towards a top of the alternator, where such a high 

mounted duct allows fluid to flow axially over the top of the stator.  The fluid may then 

extract heat from channels, e.g., channel 1012, formed by the laminations and the 

exterior housing.  Fluid flows over the edge of the stator onto hairpins and/or other 

windings and may flow down to a pool of dielectric fluid 1030 at the bottom of the 

interior cavity.  The pooled dielectric coolant may move in a fluid flow 1040 through 

channels, e.g., channel 1042, in the stator assembly from the drive-end cavity back to 

an output fluid flow 1050 via the return outlet 362 of the return port adapter 360 located 

on the anti-drive end cavity 1005.   
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[0048] While this disclosure describes in detail in terms of specific examples including 

presently preferred modes of carrying out the invention, those skilled in the art will 

appreciate that there are numerous variations and permutations of the above described 

systems and methods.  Thus, the spirit and scope of the invention should be construed 

broadly as set forth in the appended claims. 
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CLAIMS 

What is claimed is: 

 

1.   A concentric manifold assembly comprising: 

 a flow inlet configured to receive incoming fluid flow; 

 a first fluid flow path concentric with the concentric manifold assembly; 

 an axial flow duct directing the fluid flow from concentric flow within the manifold to 

axial flow within a housing concentric with and surrounding the concentric manifold 

assembly; and 

 a flow outlet configured to receive fluid returning axially from within the housing. 

 

 2.   The concentric manifold assembly of claim 1, wherein the flow inlet comprises 

an inlet assembly and the flow outlet comprises an outlet assembly. 

 

 3.   The concentric manifold assembly of claim 2, wherein each of the flow inlet  

assembly and the flow outlet assembly are removably attached to the concentric manifold 

assembly. 

 

 4.   The concentric manifold assembly of claim 1, comprising a carrier ring forming 

at least a portion of the first fluid flow path. 

 

 5.   The concentric manifold assembly of claim 4, wherein a concentric portion of 

the first fluid flow path is formed between an outer surface of the carrier ring and an interior 

surface of the housing. 

 

 6.   The concentric manifold assembly of claim 1, wherein the axial flow duct is 

removably attached to a carrier ring comprising at least a portion of the first flow path. 

 

 7.   The concentric manifold assembly of claim 1, comprising a rectifier mounting 

plate. 

 

 8.   The concentric manifold assembly of claim 7, further comprising: 
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a carrier ring forming a concentric portion of the first flow path; and 

an outlet positioned opposite the carrier ring from a location of a rectifier mounting 

plate, wherein the outlet is configured to direct a portion of fluid from a concentric flow 

around the carrier ring via the first flow path to a radial flow directed towards an interior 

volume of the concentric manifold assembly. 

 

9.   The concentric manifold assembly of claim 7, wherein the rectifier mounting 

plate is formed as a part of the concentric manifold assembly. 

 

10.   The concentric manifold assembly of claim 1, wherein at least a portion of the 

concentric manifold assembly is formed from a thermally conductive material. 

 

11.   A cooling device for a generator, comprising: 

a carrier ring formed from a thermally conductive material, wherein at least a portion 

of the carrier ring forms a first fluid path for guiding a first fluid flow along a concentric 

path adjacent to a housing of the generator, wherein the first fluid flow is received from a 

fluid supply;  

an axial flow duct configured to direct fluid from a concentric flow of the first fluid 

path to axial flow of a second fluid path, wherein the second fluid path is in an axial 

direction of the generator; and 

a radial flow jet located along the first fluid path, wherein the radial flow jet is 

configured to direct a portion of the concentric flow of the first fluid path in a radial 

direction of a third fluid flow path. 

 

12.   The cooling device of claim 11, comprising an inlet assembly and an outlet 

assembly, wherein the inlet assembly is fluidly connected to the first flow path and the 

outlet assembly is fluidly connected to the second flow path. 

 

13.   The cooling device of claim 11, comprising a rectifier mounting plate 

configured to be thermally connected to a rectifier module mounted to the rectifier 

mounting plate. 
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14.   The cooling device of claim 13, wherein the third fluid flow path comprises a 

fluid flow path between the radial flow jet and a component mounted to the rectifier 

mounting plate. 

 

15.   The cooling device of claim 13, wherein at least a portion of the first fluid flow 

path is formed between an exterior surface of the carrier ring and an interior surface of the 

housing. 

 

16.   The cooling device of claim 13, wherein at least a portion of the second fluid 

flow path is formed between an exterior surface of the carrier ring and an interior surface 

of the housing. 

 

17.   The cooling device of claim 11 further comprising: 

 a feed port adapter adjacent a feed port through the carrier ring; and 

 a return port adapter adjacent a return port through the carrier ring. 

 

18.   The cooling device of claim 17, comprising a divider located between the feed 

port and the return port, wherein a first edge of the divider forms a portion of the first flow 

path and a second edge forms a portion of the second flow path, wherein the second flow 

path is opposite the divider from the first edge. 

 

19.   An alternator cooling device, comprising: 

a carrier ring comprising: 

 an input flow adapter; 

 an output flow adapter, wherein the output flow adapter is physically adjacent 

to the input flow adapter. 

 an upper surface; 

 a first protrusion from the upper surface, the first protrusion located adjacent a 

first edge of the carrier ring; 

 a second protrusion from the upper surface, the second protrusion located 

adjacent a second edge of the carrier ring, wherein the second edge is opposite the first 

edge, wherein the upper surface, the first protrusion, and the second protrusion form a 

flow channel along an outer edge of the carrier ring and wherein the flow channel is 

concentric with the carrier ring and is enclosed by a housing; 
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 an axial flow duct fluidly connected to the flow channel, wherein the axial flow 

duct directs fluid received via a concentric flow via the flow channel to an axial flow 

away from the carrier ring, wherein the axial flow is within the housing. 

 

 20.   The alternator cooling device of claim 19, further comprising the housing. 

 

  


